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CHEMICAL ECOLOGY OF THE
HETEROPTERA!

Jeffrey R.1Aldrich

United States Department of Agriculture, Agricultural Research Service, Insect and
Nematode Hormone Laboratory, Beltsville, Maryland 20705

INTRODUCTION

True bugs are probably best known as stink bugs because nearly all Heterop-
tera have scent glands (27, 150). In fact, their overwhelming chemical
fortification confounds the task of isolating sex pheromones (151). This
review emphasizes recent pheromonal rescarch for the group, as well as
newly identified and unusual heteropteran allomones. Contact chemorecep-
tion and nutrition are not discussed (143). Readers can consult reviews for
details on heteropteran venoms (134), alarm pheromones (27}, and scent
gland histology and morphology (34, 40, 150).

Heteropieran Families

The heteropteran taxa are treated in reverse phylogenetic order, beginning
with families of the terrestrial infraorders Pentatomomorpha and Cimicomor-
pha, followed by the primarily aquatic Nepomorpha, and ending with the few
pertinent works on semiaquatic bugs (Amphibicorisae) and the terrestrial
Enicocephalomorpha (135).

COREIDAE  This is the squash bug family. Larvae of these large plant-
feeding bugs have dorsal abdominal scent glands (DAGs) opening between
tergites 4/5 and 5/6 (40). The DAGs are cuticle-lined sacs, with gland cells
forming the gland wall. At metamorphosis the DAGs in coreids (but not all
bugs) are lost, and the metathoracic scent gland (MTG), opening laterally

"The US Government has the right io retain a nonexclusive, royalty-free license in and to any
copyright covering this paper.
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between the meso- and metathoracic legs, becomes functional. However, its
gland cells are segregated from the reservoir wall; each of a pair of massive
accessory glands (AG;s, lateral glands) empties into the reservoir via a duct,
and there is another pair of small accessory glands (AG;s) that are outgrowths
of the reservoir wall (Figure 1) (7, 34). In the ancestral condition of the
heteropteran MTG the gland cells lie in the reservoir wall {as in larval DAGs)
and there is a single midventral opening (34). The more derived condition is
segregation of gland cells from the reservoir (as in coreids), division of the
reservoir, reduction in gland size, and loss of the AG,s (34). Some (perhaps
most) male and female coreids and others of the lineage possess extra
exocrine glands associated with the genitalia, referred to here as veniral
abdominal glands (164).

The DAG exudates of coreid larvae contain the Cg, and in some species the
Cg, a.B-unsaturated aldehydes (E)-2-hexenal and (E)-2-octenal, plus 4-oxo-
(E)-2-hexenal (26). Often the corresponding alcohols are present in smaller
quantities (26), but esters and/or acids have been reported for this larval
secretion in only two coreids (26, 44).

The complexity of the MTG in coreids is chemically reflecied in the
secretion. MTG secretions are mixtures of saturated or «,B-unsaturated
aldehydes, alcohols, acetate or butyrate esters of these alcohols, and C,, Cq,
or Cq acids (26, 86). These blends are at most genus specific (6, 172).
Variations in the proportions of aldehydes and esters (e.g. 32) are due in part
to compartmentalized biosynthesis (7). In the leaffooted bug, Leptoglossus
phyilopus, hexyl acetate is secreted by the AG,s into the reservoir, where

Figure 1 The metathoracic scent gland of Leptoglossus phyllopus. AG,, primary accessory
gland; AG.,, secondary accessory gland; DD, duct; G, chitinous groove; LE, lateral extension; MR,
median reservoir.
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esterase and dehydrogenase enzymes, apparently secreted by the AGss,
cleave the ester and oxidize the resulting alcohol. Further reactions occur
spontaneously to produce hexanoic acid, hexanal trimer, and an aldol con-
densation product (Figure 2, 1, 2) (7). In one coreid species in which the
AGys are absent, the ultimate secretion is >>90% hexyl acetate. The MTG in a
species from a related family, Hyocephalidae, has an extra pair of ACCESSOry
glands and secretes virtually pure hexanal (168). This biosynthetic scheme
cannot explain all compositional variations, however. For example, in the
MTG secretion of Holopterna allara males, the concentrations of some esters
increase with age (150). The occurrence of 3-hydroxybutanal in larval and
adult scent secretions of a South African coreid may be due to condensation of
acetaldehyde, but the inclusion of 2-hexanol is inexplicable (Figure 2, 3, 4)
(44).

Male ventral abdominal gland secretions for 10 coreids from four genera
have been analyzed (Figure 2, 5-16, 18-23) (5, 6, 11, 64). Aromatics
dominate these species-specific secretions in Leptoglossus and include com-
pounds with the odors of cherries, vanilla, cinnamon, and roses (Figure 2,
5-14), but aliphatic alcohols and esters alse occur (Figure 2, 15, 16, 18, 19).
Males of the large territorial coreid Pachylis laticornis produce exclusively
esters, including tiglates and a benzoate (Figure 2, 20-23) (11). Ventral
abdominal glands in females, when present, apparently do not produce vola-
tile compounds (J. R. Aldrich, unpublished). In addition, airborne trapping
experiments with field-collected Leproglossus oppositus adults revealed that
males vent cyclic sesquiterpenes never observed from females (J. R. Aldrich,
unpublished). Parasitic tachinid flies apparently home in on some male-
specific odor, as males arc more heavily parasitized than females (6).

ALYDIDAE Broadheaded bugs are closely related to corsids, and in many
the larvae are remarkable ant mimics and the imagoes are wasplike (149).
Larvae possess DAGs and an MTG as Coreidae do, but lack the AG,s (112).
Larval scents include (E)-2-hexenal and 4-oxo-(F)-2-hexenal, plus traces of
(E)-2-octenal and other unidentified compounds (17). Alydid MTG secretions
are rancid: Butyric and hexanoic acids dominate with lesser amounts of hexyl
butyrate, hexanol, and hexanal in Alydus; butyric, isobutyric, and 2-
methylbutanoic acids dominate with corresponding aldehydes and esters in
Megalotomus (Figure 2, 24-31) (17). Branched compounds are unusual for
MTG secretions, and the preponderance of acids is difficult to rationalize if
AGgs are absent. Ventral abdominal glands occur in alydids (164), but none
were found in Alydus or Megalotomus (3. R. Aldrich, unpublished).

RHOPALIDAE ~ “Scentless” plant bugs supposedly lack the MTG, but at least
some of the Rhopalinae actually possess an MTG resembling that of coreids
(8). Adults of the other rhopalid subfamily (Serinethinae) exhibit the derived
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condition of divided and extremely reduced MTGs (34), but retain one or both
of the DAGs (8; J. R. Aldrich, unpublished). All rhopalid males examined
have ventral abdominal glands (104).

The 4/5 DAG secretion of the adult rhopaline Niesthrea louisianica con-
tains perilla alcohol (Figure 2, 32) plus (£)-2-hexenal and an unidentified
hydrocarbon (larval DAGs have not been analyzed) (8). The MTG secretion is
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devoid of aliphatic carbonyls and is instead a blend of monoterpenes (Figure
2, 33-37) (8). Ventral abdominal glands are highly developed (J. R. Aldrich,
unpublished}, but have yet to be analyzed.

Exocrines from six serinethine species have been analyzed (8; J. R.
Aldrich, unpublished). (E)-Z-Hexenal, (F)-2-octenal, and 4-oxo0-(E)-2-

Figure 2 Unusual exocrine compounds of Heteroptera and their sources (MT, metathoracic
glands; I-DG, larval dorsal abdominal glands; a-DG, adult dorsal abdominal glands; VG, ventral
abdominal gland; BG, Brindley’s gland; SG, sternal glands; AS, abdominal sternum; H,
hemolymph; EX, excreta; S8, secretory setae; UK, unknown source). (/) hexanal trimer [MT
(D], (2) 2-n-butyloct-2-enal [MT (7, 26), 1-DG (26)], (3} 3-hydroxybutanal [MT (44), 1-DG
(44)], (4) 2-hexanol [MT (44), 1-DG (44)], (5) benzyl alcohol [VG (5, 6, 64), a-DG (9, 10, 14)],
(6) guatacol [VG (5, 6)], (7) p-hydroxybenzaldehyde [VG (6), MT (26)], (8) methyl p-
hydroxybenzoate [VG (6), MT (26)}, (9) syringaldehyde [VG (5, 6)], (J0) acetosyringone [VG
(5, 6)], (11) vanillin [VG (5, 6), UK (165)], (12) vanillyl alcohol [VG (6)], (I3) 2-phenylethanol
[VG (6, 64)], (14) cinnamy! alcohol [VG (6)], (15) 1-octanol [VG (6)], (16) (F)-2-hexenol [VG
(64), a-DG (14, 6931, (17) (E)-2-hexenal [a-DG (8, 9, 14, 15)], (18) (E,E}-2,4-hexadieny! acetate
[VG (64), MT (59, 69)], (I9) 2-octenyl propionate [VG (64)], (20) (E)-2-hexenyl tiglate {[VG
(11)], (21) (E)-2-octenyl tiglate [VG (11)], (22) (E)-2-hexeny! (£)-2-hexenoate [VG (11}], (23)
(E)-2-hexenyl benzoate [VG (11)], (24) isobutanal [MT (17}], (25) isobutyric acid [MT (17), BR
(26)], (26) 2-methylbutanal [MT (17)], (27) 2-methylbutanoic acid [MT (17)], (28) isobutyl
isobutyrate [MT (17)], (29) 2-methylbutyl isobutyrate [MT (17)], (30) 2-methylbutyl butyrate
[MT (171, (31) 2-methylbutyl hexanoate [MT (17)], (32) perilla alcohol {a-DG (8)], (33) thymol
[MT (8)], (34) piperitone [MT (8)], (35) terpinen-4-ol [MT (8, 115), a-DG (9, 10, 14)], (36)
B-pinene [MT (8, 69), I-DG (65), a-DG (8)], (37) limonene [MT (8, 69, 115), I-DG (65), a-DG
(8], (38) subinene {I-DG (J. R. Aldrich, unpublished), a-DG (J. R. Aldrich, unpublished)], (39)
myrcene [MT (8), 1-DG (J. R. Aldrich, unpublished), 2-DG (8)], (40) (Z)-linalcol diol [VG (J. R.
Aldrich, unpublished)), (4]) (F)-linalool diol [VG (J. R. Aldrich, unpublished)}, (42) 4-8-b-
glucopyranosyloxy-3-hydroxymethyl-2-butenylnitrile [H (29)], (43) cardiospermin [H (29)], (44)
3-f-p-glucopyranosyloxy-4-methyl-2(5H)-furanone [H (29)], (45) 4-methyl-2(5H)-furanone [EX
(J. R. Aldrich, unpublished)], (46) linalool [MT (42, 53), I-DG (12), a-DG (9, 10, 14)], (47)
a-humulene [AS (J. P. Farine, unpublished), 1-DG (65)], (48) B-caryophyllene [AS (J. P. Farine,
unpublished), 1-DG (65)], (49) 2-phenethyl acetate [MT (155)], (50) 3-methyl-2-buteny! acetate
[MT (155)), (51) a-pinene [MT (115), I-DG (65)], (52) 1,8-cineole [MT (115)], (53) (Z,E)-a-
farnesene [MT (88)], (54) benzaldehyde [I-DG (15), a-DG, (14, 15)], (55) (4)-3,4-cpoxy-a-
bisabolene [SG (16a, 21)], (56) R-(+)-a-terpineol [a-DG (9, 10)], (57) nerolidol [a-DG (14)],
(58) nonanal {a-DG (15, 63)], (59) 6,10,13-trimethyltetradecanol [SG (13, 16)), (60) 6,10,13-
trimethyltetradecyl isovalerate [SG (13, 16)], (4l) caryophyllene oxide [I-DG (65)], (62)
humulene epoxide I {I-DG (65)], (63) 3,5-dihydroxy-4-pyrone [SG (89)], (64) (2)-4,8-
nonadienal [a-DG (63)], (65) (E)-4,8-nonadienal [a-DG (63)], (66) (£)-4-nonenal [a-DG (63)],
(67) ethyl acrylate [UK (167)1, (68) y-butyrolactone [MT/EX? (114)], (69) 3-methyl-2-hexanone
[MT (128}], (70) 2-butanone [MT (26), I-DG (26)], (71) acetaldehyde [MT (26), 1-DG (26)], (72)
phenylacetaldehyde [MT? (67)], (73) (E)-2-hexenyl hexanoate [MT (87)], (74) geranyl acetate
[MT (70, 71)1, (75) neryl acetate [MT (70, 71)], (76abc) 2-alkyl-5-hydroxychromones [SS (116,
1N), (77abc) 2-(1,3-diketoalkyl)-resorcinols [SS (116, 117)], (78) S5-hydroxy-2-
nonylchromanone [SS (116)], (79abc) 2-alkyl-5,7-dihydroxychromones {SS (117)], (80) 2-
undecanone [SS (116)], (81} hydrogen peroxide [MT (26)].
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octenal comprise >90% of the 4/5 DAG secretions of all Jadera adults and
larvae; however, the imaginal secretions contain less (E)-2-hexenal than do
larval secretions. The exudate from the larval 4/5 DAG of boxelder bugs, L.
trivittatus, is similar to the Jadera secretions, except 4-oxo-(E)-2-hexenal
replaces (F)-2-hexenal. The 4/5 DAG is missing in Leptocoris adults. The 5/6
DAG exudate consists of pleasant-smelling monoterpenes (Figure 2, 36-39),
and although the blends from aduits and larvae within a species are in-
distinguishable, these blends are quantitatively differcnt among Jadera spe-
cies. The ventral abdominal glands of Leptoceris males smell like roses,
producing pure 2-phenylethanol (Figure 2, 13), whereas Jadera males secrete
linalool diol, the Z-isomer (two species), or the E-isomer (one species)
(Figure 2, 40, 41) plus unidentified compounds.

Serinethines are vividly colored and show a decided preference (132) for
toxic cyanolipid-containing seeds of the Sapindaceae (29, 38a). Ceincidental-
ly, certain conspicucus leaffooted coreids [e.g. Anisocelis (108)] are host
specific on cyanogenic Passifloraceae (132). Serinethines convert cyanolipids
to cyanogenic glucosides that are sequestered and that can be externalized by
bleeding through weak points in the cuticle (29; J. R. Aldrich, unpublished).
Adult and larval Jadera and larvae of Leptocoris isolata (29) that are fed
sapindaceous seeds containing faity acid esters of 2-hydroxy-3-(hydrox-
ymethyl)-3-butenylnitrile sequester the cyanoglucosides 4-8-p-glucopyrano-
syloxy-3-hydroxymethyl-2-butenylnitrile and cardiospermin (Figure 2, 42,
43). However, in adult L. isolata the lactonic glucoside 3-B-p-glucopyran-
osyloxy-4-methyl-2(SH)-furanone (Figure 2, 44) replaces cardiospermin (29).
Jadera adults and larvae fed sapindaceous seeds containing 4-hydroxy-
3~(hydroxymethyl)-2-butenylnitrile sequester the first of the above cyanoglu-
cosides and excrete 4-methyl-2(SH)-furanone (Figure 2, 45). Jadera release
HCN when crushed in the presence of a S-glucosidase preparation (J. R.
Aldrich, unpublished).

PYRRHOCORIDAE  Red bugs or cotton stainers specialize on Malvales (58),
and toxic gossypol pigments in cottonseed might be the basis for the bugs’
aposematism. Larvae possess three IDAGs, and the anterior two glands contin-
ue to function in adults (150). The MTG and AG,s are reduced (derived
condition), and in some species (e.g. Dysdercus intermedius) the reservoir is
completely divided (34). In male Dysdercus adults the fifth abdominal sternite
has many more epidermal glands than in ferale adults (91). Dysdercus
cingularus males reportedly have a ventral abdominal gland (J. P. Farine,
unpublished).

The anterior DAGs are tiny, and except for the presence of tetradecane (26)
their chemistry is unknown. In Pyrrhocoris apterus larvae the posterior DAG
secretes (E)-2-octenal and 4-oxo-(E)-2-octenal (153); in Dysdercus this secre-
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tion contains (E)-2-hexenal, 4-oxo-(E)-2-hexenal, hexanal, and tridecane (26,
42). Irritated larvae usually excrete urine first and then the contents of the 5/6
DAG, which spread over the aqueous urine (150).

In D. intermedius, 1-4 days after adult emergence the AG;s switch from
synthesizing (E)-2-hexenyl and (E)-2Z-octenyl acetate to synthesizing and
storing linalool (Figure 2, 46) (53). This may be characteristic of the genus
Dysdercus, as these aliphatics coexist with linalool in extracts of whole MTGs
from D. superstitiosus (42), D. cingulatus (J. P. Farine, unpublished), and D.
fasciatus (129a). In D. similis (68), D. koenigii (73}, and D. cingulatus (138)
a female odor stimulates male courtship. In the last species, females produce
65% S-(+)-linalool and 35% R-(—)-linalool (129a). The sesquiterpene hydro-
carbons B-humeulene and B-caryophyllene (Figure 2, 47, 48) have also been
isolated from the abdominal sternites of male D. cingulatus (J. P. Farine,
unpublished).

BERYTIDAE  Stilt bugs have enormous spouts associated with their MTGs
(130), but their secretions have not been chemically investigated. Berytids
show a striking preference for feeding on sticky plants, and they often
scavenge on entrapped insects or are predatory (i71). Larval DAGs are
reduced or absent (40}, but many early-stage berytids have glandular hairs on
their bodies, which bear sticky droplets (149).

LYGAEIDAE  Scent gland chemistry has been examined for just five of the
over 2700 species of seed bugs (144). Among these analyses a cursory report
on the MTG chemistry of one predatory species, Geocoris varius, noted the
presence of (E)-2-hexenal, (F)-2-decenal, and tridecane (172). Brown, som-
ber bugs that feed on fallen seeds constitute the largest subfamily, the
Rhyparochrominae (~1200 species) (161). However, the seed-feeding bugs
whose scent gland secretions have been analyzed feed on seeds still on the
plant and thus may be prey to sight-oriented aerial predators instead of
scent-oriented ground predators (130). The Lygaeinae are the most advanced
seed bugs. Virtually this entire assemblage feeds on toxic Apocynales. Many
are aposematically colored, and the MTG is reduced (130, 136). All stages of
lygaeines contain cardiac glycosides originating from host plants (166). In
lygaeines such as the large milkweed bug, Oncopeltus fasciatus, the
sequestration system is specialized to the extent that adults have a double-
layered epidermis in which cardenoclides accumulate at little or no physiolog-
ical cost. These chemicals are emitted through cuticular weak points when the
insects are sgueezed (137). Moreover, the DAG and MTG secretions from
milkweed bugs contain cardenolides in admixture with aliphatic carbonyls
(137). Rhyparochromines have an acrid taste quite independent of variations
in their odors (161). The Insectivora (e.g. shrews) are important predators in
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litter, and as most nonprimate mammals are color-blind, the scents of ground-
dwelling lygaeids may serve as the aposematic signals associated by ver-
tebrates with poisons. Indeed, there is evidence in Q. fasciatus for de novo
synthesis of histamine or an analog (66).

Larval DAG secretions contain Cg, Cg, and Cq alk-2-enals, Cq and Cq
4-oxo-alk-2-enals, and sometimes alkanes (26, 155, 156). The proportions of
the higher-molecular weight components are greater in the posterior DAG
secretions, and emission from this gland is usually simultancous with excre-
tion of urine (150, 156). Some sphecid wasps provision their nests with
heteropteran larvae, and a cuckoo wasp oviposits in Nysius lygaeid larvae as a
means of ultimately parasitizing its sphecid bost (37). The extent to which
these wasps use DAG scents to find prey is unknown.

The MTG chemistry of seed bugs is extraordinary. In milkweed bugs the
secretion is sexually dimorphic: Males release a blend of Cq and Cs alk-2-enyl
and alka-2,4-dienyl acetates (e.g. Figure 2, 18) with lesser amounts of the
corresponding aldehydes, but females release almost purely the aldehydes
(59). The difference is explained by the apparent existence of a valve in males
that prevents the AG;-secreted esters from entering the median reservoir until
the moment of release (54, 152). Isolated male milkweed bugs smell sweet, in
contrast to isolated females (92). In Spilostethus rivularis (L.ygaeinae) the
MTG is reduced and divided, the AG,s are not evident, and the secretion is
sexually dimorphic (135). Both sexes secrete (F,£)-2,4-hexadienyl acetate
and 2-phenethyl acetate (Figure 2, 18, 49), but the former constitutes 96% of
the male secretion versus only a trace of the female secretion, and the latter
accounts for 2% of the male secretion but 13% of the female secretion (155).
(E}-2-Octenyl acetate (51%) is the major female secretory constituent, and
3-methylbuty! acetate and 3-methyl-2-butenyl acetate (Figure 2, 50) are
abundani and exclusively female natural products (155). Both sexes of the
cotton seed bug, Oxycarenus hyalinipennis (Oxycareninae), express an age-
dependent switch from synthesizing aliphatics to synthesizing isoprenoids in
the MTG (88, 115), reminiscent of cotton stainers (53). During the first day of
adult life, the AGs secrete (E)-2-hexenyl and (F)-2-octenyl acetates into the
reservoir. There the corresponding aldehydes and 4-oxo-alkenals are derived
(presumably via AG, enzymes), although significant quantities of octenyl
acctate persist (115). In both sexes, after day 1 the AGs abruptly switch to
isoprenoid synthesis and swell with mono- and sesquiterpenes {Figure 2, 37,
51-53) (88, 115). Handling of the bugs elicits ejection of terpenes in admix-
ture with carbonyls, accompanied by an audible stridulation (88, 115).

Some lygaeine males have ventral abdominal glands that open one segment
posterior to those of coreoids (164), but extracts of this gland from O.
fasciatus showed no sign of volatiles by gas chromatography (J. R. Aldrich,
anpublished). All oxycarenine males have sternal setal patches, which prob-
ably secrete some kind of pheromone (36).
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PENTATOMIDAE  The true stink bugs, as their name suggests, have highly
developed DAGs and MTGs. Pentatomids and allied families are a parallel
line to the Coreoidea from a lygaeid-like ancestor. Most stink bugs feed on the
upper parts of plants. Schaefer (130) found that their well-developed scent
glands defy his prediction that the MTG might be reduced in bugs that
frequent this biotope. The harlequin bug, Murgantia histrionica, and Eu-
rydema spp. are interesting exceptions: They feed on crucifers, are aposemat-
ic, and have reduced MTGs (105, 130, 149). One can guess that they
sequester mustard oil glycosides such as sinigrin, and that when attacked they
liberate the heteropteran version of war gas, allyl isothiocyanate (26). The
pentatomnid MTG is of the coreid type except that the AG, is a band of tissue
embedded in the reservoir wall (150). Larvae have 4/5 and 5/6 DAGs, but
many species, perhaps most, also possess a pair of minute 3/4 DAGs that
remain active in adults.

The posterior DAGs of larval phytophagous pentatomids secrete Cg, Cg,
and sometimes Cyq alk-2-enals, Cq and Cg 4-oxo-alkenals, and tridecane and
other alkanes (26). The 4-0x0-(Z)-2-hexenal reported from Nezara viridula
larval DAGs (99) is almost certainly the E-isomer. Larvae of the predaceous
spined soldier bug, Podisus maculivensris, produce (£)-2-hexenal, (E)-2-
octenal, and tridecane plus heretofore unrecorded benzaldehyde in their 3/4
DAGs (Figure 2, 54). Even more surprising is the discovery of linalool
(Figure 2, 46) from the 4/5 and 5/6 DAG discharges of P. maculiventris,
along with 4-oxo-(E)-2-hexenal, tridecane, and a trace of tetradecanal (12).
Linalool isolated from spined soldier bug larvae is a 97/3 blend of §~(+)-/R-
{(—)-linalool {129a). Exudates from two other Podisus species include differ-
ent monoterpenols, rendering the secretions species-specific (129a).

Pentatomid MTG secretions are rich in alkanes, Cy and C,q alk-2-enals, Cg
and Cg (but not C;y) 4-oxo-alkenals, and lower concentrations of acetates of
the alk-2-enols (26, 79, 81, 113). The spined soldier bug exhibits the same
MTG secretory pattern, plus a trace of linalool (Figure 2, 46) (12, 15). The
final secretion is enzymatically derived in the reservoir from AG,-secreted
esters (15, 150). Klieptoparasitic milichiid flies are drawn to the odor of stink
bugs caught in spiderwebs (142).

Male N. viridula produce an attractant pheromone (16a, 72). Compounds
from the tiny 3/4 DAGs in adults have been characterized [tridecane, (£)-2-
hexenal, hexanal, and hexanol (9)], but this slightly dimorphic secretion is not
the long-range attractant. The tachinid fly Trichopoda pennipes uses the
Nezara pheromone as a kairomone (16a, 72); however, T. pennipes imported
from Florida failed to parasitize N. viridula in Hawaii (39), which suggests
that the pheromone of N. viridula from Florida is different from that of
Hawaiian N. viridula. Nezara males have areas on their two anterior abdomi-
nal sternites that are visibly smoother than the surrounding cuticle (35), and
males of the European strain excrete a pair of sesquiterpene isomers from
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these areas that were attractive to conspecific females in an olfactometer
(121). However, males of the Brazilian Nezara strain secrete a single ses-
quiterpene epoxide (Figure 2, 55) that was attractive to females of this strain
in a laboratory bioassay (21). Airborne extracts of Nezara males from the
southern United States contained both the trans-isomer identified from the
Brazilian strain (Figure 2, 55) and the cis-isomer in a 3:1 ratio (16a).

Many male predaceous pentatomids (Asopinae) have enormous 3/4 DAGs
or glandular setal patches on the sternum (10, 13, 14, 16). In P. maculiventris
the DAG secretion [(F)-2-hexenal (45%), R-(+)-o-terpineol (45%), benzyl
alcohol (6%), terpinen-4-ol, and linalool (Figure 2, 17, 56, 5, 35, 46), plus
traces of trans- and cis-piperitol (9, 10)] is a powerful attractant. §-(—)-a-
Terpineol is inactive but not inhibitory, and an effective artificial pheromone
can be prepared from (E)-2-hexenal and racemic a-terpineol (1:2 volume
ratio) (14). The pheromone of a sympairic species, Podisus fretus, has also
been deciphered: §-(+)-linalool (49%), (F)-2-hexenal (35%), benzyl alcohol
(12%), nerolidol (2%), and c-terpineol (1%) (Figure 2, 46, 17, 5, 57, 56),
plus traces of several alcoholic compounds (14). An artificial pheromone can
be made by mixing (F)-2-hexenal and ( 2 }-linalool (1:2 volume ratio) (14). A
hybrid pheromone consisting of hexenal, a-terpineol, and linalool (1:1:1
volume ratio) attracts both Podisus species (J. R. Aldrich, unpublished). The
small 3/4 DAGs of P. maculiveniris females produce their own unique blend:
(E)-2-hexenal and the acid, with traces of benzaldehyde and nonanal (Figure
2, 54, 58) (12, 15). Females of the scelionid egg parasitoid, Telenomus
calvus, seem to use both sex-specific soldier bug odors as cues; parasitoids are
attracted to cailing males, but only become phoretic on female bugs (3).
Enlarged DAGs occur in males from at least two other asopine gemera
(Zicrona and Alcaeorrhynchus) (9). However, in species of the asopines
Stiretrus, Perillus, Oplomus, and Mineus, males possess pubescent patches
on sternites 4-6 (13, 16); when starved and then fed coccinellid or chrysome-
lid beetle prey, these bugs secrete 6,10, 13-trimethyltetradecanol and/or the
isovalerate ester of this norterpenol (Figure 2, 59, 60) (13, 16). The asopine
genera Picromerus, Dinorhynchus, Apateticus, and FEuthyrhynchus have
neither sexually dimorphic DAGs nor sternal glands (J. R. Aldrich, un-
published). Certain phytophagous pentatomids that are occasionally pre-
daceous (e.g. Brochymena) (105) are among the stink bugs whose males and
females secrete a powdery wax over the sternum (93).

SCUTELLERIDAE  Shield bugs are always phytophagous and resemble stink
bugs in the arrangement and chemistry of their MTG and larval DAGs (40,
150). (£)-2-Decenal and 4-oxo-(F)-2-hexenal (plus tridecane in larvae) are
common secretory components (65, 69, 147). One cotton-feeding species,
Hotea gambiae, can be added to the mushrooming list of bugs that synthesize
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terpenes; B-pinene and limonene (Figure 2, 36, 37) coexist with the usual
MTG secretory constituents in adults (69), whereas the paired anterior DAGs
of larvae produce exclusively mono- and sesquiterpenes (Figure 2, 36, 37, 47,
48, 51, 61, 62) (65). The 3/4 DAGs are proportionally larger in adult males
than in larvae, whereas in females they regress in size; but in both sexes
terpenes are absent from adults and (E)-2-hexenol is predominant (Figure 2,
16) (69).

Some shield bugs (Tetyrinae) have stridulatory areas on sternites 4—6 (145),
while in others the strigils are replaced by pubescent sternal glands (35, 36).
In male cotton harlequin bugs, Tectacoris diophthalmus, the MTG is reduced
(130), and in virgin males the sternal glands are often loaded with a crystalline
deposit of 3,5-dihydroxy-4-pyrone (Figure 2, 63) (89). Sphaerocoris males
have large 3/4 DAGs that release an odoriferous array of C, aliphatic alde-
hydes (Figure 2, 58, 64-66) (63). Finally, calling males of the wheat pest
Eurygaster integriceps liberate vanillin, ethyl acrylate (Figure 2, 11, 67), and
presumably other compounds, but the source of these volatiles is unknown
(165, 167).

PLATASPIDAE The scutellum is even more enlarged in these bugs than in
scutellerids, to the extreme that some males have elaborate pronotal horns
(108) resembling those of certain territorial beetles (163). What little is known
of their MTG and DAG exocrines conforms to the general pentatomid pattern
(86, 172). Males have sternal glands (108) or dorsally situated integumental
glands (35).

CYDNIDAE Burrower bugs are fossorial but have been collected from an
airplane (105). Their well-developed MTG and DAGs produce exocrines
generally matching the pentatomoid pattern (26). It seems likely that 4-oxo-
alk-2-enals were mistaken for quinones in one species (129). The occurrence
of y-butyrolactone in the MTG secretion of Aethus indicus is also exceptional
{(Figure 2, 68) (114), but it is possible that this lactone is an excretory
metabolite like the lactone from rhopalids (Figure 2, 45). Sexually dimorphic
exocrine glands have not been noticed in cyduids.

ACANTHOSOMATIDAE  Parental care is common for these pentatomid-like
bugs (105, 107), and they are semiochemically adapted to this life mode;
larvae deposit trail pheromones and emit alarm pheromones (27, 102). Some
acanthosomatid females have setal patches on sternite 7 (124), which are
probably involved in guarding eggs. Males have integumental exocrine glands
scattered over their sterpum (35).

REDUVIIDAE AND PHYMATIDAE Assassin and ambush bugs are sit-and-
wait predators belonging to the terrestrial infracrder Cimicomorpha (135,
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145). The sedentary mode of capturing prey and the use of the rostrum for
stinging defense (134) seem to have contributed to the reduction of the MTG
and DAGs and to the evolution of new exocrine glands (34, 40, 150). Thus, in
most reduviids and phymatids the MTG is either a small, divided gland
without AG,s or is missing (150). Concurrently, two pairs of saclike glands
have arisen: (@) Brindley’s glands situated laterally under the first abdominal
tergite, and (b) ventral glands at the junction of the thorax and abdomen
(150). The new glands and the MTGs sometimes coexist (e.g. Phymata spp.
have both ventral and Brindley’s glands), but Brindley’s glands are rarely
absent (34). Secretions from Brindley’s glands in hematophagous reduviids
(Triatominae) cousist primarily of isobutyric acid (Figure 2, 25) (26). Brind-
ley’s glands are missing in one triatomine species, Dipetalogaster maximus,
but MTGs are retained and secrete 3-methyl-2-hexanone (Figure 2, 69) (128).
Ventral gland secretions have not been analyzed, nor have the larval or the
occasionally functional adult DAGs (34, 40).

Females of Harpactocorinae have evolved subrectal exocrine glands that
are odoriferous in at least some species (43). In wheel bugs, Arilus crisiatus,
(J. R. Aldrich, unpublished), and the South American Arilus carinatus (23) a
bright orange subrectal gland with a nauseatingly sweet odor is everted like a
caterpillar osmeterinm when the bugs are disturbed.

Many reduviids have glandular setae that produce viscid fluids (108).
Pilose areas on the fore-tibiae of some reduviids (and Nabidae), designated
fossula spongiosae, secrete a sticky substance used to grasp prey (108).
Larvae and sometimes adult reduviines have dorsal abdominal setae that
exude glutinous material, which the insects use to stick bits of debris on
themselves for camouflage (101, 108). Apiomerinae collect resin from plants
instead of secreting it, and smear the gathered material onto their forelegs
(108). The advantage of using plant resin rather than resin synthesized de
novo appears to involve aggressive chemical mimicry; bees are attracted by
the odor of plant resin, which often proves fatal when the source is a cataleptic
assassin bug (108, 169). Milichiid flies are also attracted to the vicinity by the
plant-derived resin and swoop down to lap the blood of captured prey (142).
Aggressive chemical mimicry has been reported for the reduviid Ptilocerus
ochraceus, whose adults and larvae ooze a sweet but intoxicating fluid from a
sternal gland, which attracts and then paralyzes ants (150). It has been
suggested that the unusual bananalike odor from another reduviid entices fruit
flies to their unsuspecting deaths (101).

CIMICIDAE ~ All that is known of the semiochemicals of these blood-sucking
ectoparasites of cavernicolous birds and mammals concemns the bed bug,
Cimex lectularius (150). This age-old pest has a somewhat reduced MTG with
a single AG; and three small larval DAGs (34, 40). The secretions contain Cg
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and Cg alk-2-enals, but also 2-butanone and acetaldehyde (Figure 2, 70, 71)
(26). Larval secretions are enriched in higher-molecular weight components,
and the mixture releases alarm behavior (27). An assembling pheromone
exists {particularly powerful for adults}, but it remains chemically unknown
(27).

ANTHOCORIDAE  Little is known of the semiochemistry of these important
predators, MTG and larval DAGs are present, and some males possess a
unigue 4/5 ventral abdominal gland (34, 123).

MIRIDAE Mirids typically suck the juices of meristematic plant tissue, a
resource these small plant bugs have luxuriantly exploited to become the
largest of all heteropteran families (145, 149). However, as competitors of
aphids and other phloem-feeding homopterans, many mirids occasionally or
solely prey on these insects. Crypsis and mimicry are common first-line
defenses of plant bugs, backed up by agile escape maneuvers or extrusion of
the rectum as a holdfast organ (96, 149, 170). (E)-2-Octenyl acetate and
acetaldehyde (Figure 2, 7/) were identified from adult steam-distilled
meadow plant bugs (26). Stcam distillates of adult tarnished plant bugs, Lygus
lineolaris, contained mostly hexyl butyrate and (E)-2-hexenyl butyrate (1:1
and 10:1 in females and males, respectively), but also phenylacetaldehyde
(Figure 2, 72) and an unidentified C,s alcohol (67). Kleptoparasitic milichiids
ase the scent of Lygus bugs captured by spiders as a kairomone (142). Butyl
and hexyl butyrates are major components from the MTG secretion of the
predaceous Pilophorus perplexus, and octyl acetate and an unidentified com-
ponent are present only in females. Another predatory mirid produces pri-
marily hexyl and (E)-2-hexenyl hexanoate (Figure 2, 73) (87). An oak-
feeding mirid, Harpocera thoracica, produces only terpenoids in its MTG in
a sex-specific pattern similar to, but the reverse of, that of the aliphatic MTG
secretory components of milkweed bugs: The female secretion is enhanced
with geranyl and neryl acetate (Figure 2, 74, 75), and the male secretion
contains more of the corresponding aldehydes and alcohols (70, 71). Larval
DAG secretions have not been chemically analyzed for any mirids. However,
the fact that braconid parasitoids seize and attempt to oviposit in larval
tarnished plant bug exuviae (97) suggests that parasitoids use the DAG
secretion of mirid larvae as a host-finding cue (in Heteroptera the DAG
contents are shed with the cast skin).

Various Bryocorinac feed on a group of botanically diverse plants (tea,
coffee, cocoa, and cola), all of which contain methylpurines (e.g. caffeine)
(94). Curiously, the bryocorines that feed on these alkaloid-rich plants have
lost the MTG, and although a 3/4 DAG is present in both larvae and adults, it
has no external opening (20). When larvae are disturbed, the DAG is pul-
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sated, and drops of fluid simultaneocusly exude from setae over their bodies
{20). One can speculate that these bugs sequester host-plant alkaloids in the
DAG and deliver them when needed via the blood or an epidermal syncitium
(as in milkweed bugs) to setac or cuticular weak points.

Caged Lygus, Lygocoris, Distantiella, and Helopeliis females release a
pheromone that is attractive to flying males (28, 65a, 85, 146, 150). Neither
the source nor the identity of any of these pheromones is known, but the
spermatheca was postulated as the source of pheromone in Lygus hesperus
(158). This is a plausible origin because in mirids the spermatheca does not
store sperm and is probably not a cement gland (as in reduviids), as mirids
insert their eggs into plants (158).

TINGIDAE Most of the 1800 species of lace bugs feed underneath leaves on
mesophyll and a few develop inside galls, but the feeding habits of
myrmecophilous tingids are unknown (49). The MTG of foliar and gall-
making lace bugs is divided and reduced (34, 150); however, the myrmeco-
philes have extensive areas of modified cuticle surrounding the MTG open-
ings (49). Tingid MTG and DAG secretions have not been analyzed chemi-
cally.

The larvae of foliar lace bugs are frequently armed with spiny tubercles that
make them look as weird as the reticulated adults. Many larvae are equipped
with glandular setae that bear droplets (49, 98). Larval droplets from two
Stephanitis species contain novel 2-alkyl-5-hydroxy- and 2-alkyl-5.7-
dihydroxychromones. plus some of the corresponding chromanones and dike-
tones (Figure 2, 76-79) (1 16, 117). Decanal and 2-undecanone (Figure 2, 80)
were also identified in droplets from S. pyrioides (116). In their immature
stages, Paracopium and Copium species are protected inside galls and Jack
both spiny tubercles and glandular setae (49). Gargaphia species have spines,
but descriptions of maternal care in Gargaphia do not mention secretory setac
(84, 162). Larvae of Corythuca and the semisocial Gargaphia solani become
alarmed when a nearby conspecific larva or a larva of one of the other species
is crushed (84).

PLEIDAE Pigmy backswimmers are water bugs of the almost exclusively
predaceous infraorder Nepomorpha {135). Pleid larvae have a 3/4 DAG, and
adults have a saclike MTG with a single midventral opening (40). Plea leachi
occasionally leaves the water and spreads hydrogen peroxide (Figure 2, 81)
and carbenyl compounds from the MTG over the body with its legs (150).

NOTONECTIDAE The DAGs are absent in all backswimmers, and the MTG
is missing in one subfamily. Notonectinae have a midventrally opening MTG
with paired AG;s (but without AG,s) that in one species secrete p-
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hydroxybenzaldehyde and methyl p-hydroxybenzoate (Figure 2, 7, 8) (159,
157).

NAUCORIDAE Creeping water bugs have exocrine glands as in notonec-
tines. The MTG secretion of llyocoris cimicoides contains the same phenolics
identified from Notonecta (Figure 2, 7, 8) (150).

CORIXIDAE Water boatmen are unusual nepomorphans in that larvae have
three DAGs and adults have a large MTG (40, 157). Well-developed scent
glands may be retained because corixids are the only bugs known to ingest
solid material such as algae and mosquito larvae and are unable to use the
rostrum for defense (143). Notwithstanding their morphological similarity to
other water bugs (157), corixids have MTG and DAG secretions composed of
4-oxo-alk-2-enals; the C¢ compound is predominant in the adult secretion and
the Cg compound predominates in that of larvae (26, 154). When attacked,
jarvae eject jets of DAG fluid under water, and adults extrude a drop of
secretion over the MTG opening (154).

GELASTOCORIDAE Toad bugs deviate from other nepomorphans in being
terrestrial predators around the edges of streams and ponds (157). The MTG is
absent in Nerthrinae but well developed in Gelastocorinae, and DAGs are
absent from all larvae (40, 157). The MTG secretion of Gelastocoris oculatus
contains principally 4-oxo-2-hexenal (60%) and 2-octenal (25%) (26).

BELOSTOMATIDAE  Giant water bugs are the insect sharks of ponds, lakes,
and the backwaters of streams, feeding on small fish and aquatic insects
(145). The DAGs are missing in all belostomatids (40), and the MTG is
lacking in the Belostomatinae (157). Although the Lethocerinae have an
MTG, its morphology is unique: The median reservoir is missing, paired
AG;s synthesize and store secretion, and each AG, opens via a midventral
duct (40, 157). Furthermore, the glands are massive in males but minute in
females (157). In 1957, (E)-2-hexenyl acetate was identified as the principal
component from the MTG secretion of Lethocerus indicus males. This acetate
has since been identified from Lethocerus females, and the corresponding
butyrate is a minor component in the secretion from males (26). The function
of (&)-2-bexenyl esters in Lethocerus remains unknown {150). Research on
this obscure group of tropical water bugs was promoted by the commercial
availability of Lethocerus extract in Southeast Asia, where it is used as a
seasoning for fatty foods. Some belostomatids squirt a noxious inky black
fluid when attacked (96).

AMPHIBICORISAE The Amphibicorisae is one of Dufour’s subdivisions for
Heteroptera living on or around water. The group is now divided into three

IL
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monophyletic infraorders, including predators such as shore bugs (Saldidae)
and water striders (Gerridae and Veliidae) (135). Larvae run the gamut from
having no DAG (water striders) to having four DAGs (Dipsocoridae), and the
MTGs (when present) are more often than not confusing combinations of
derived and reduced structures (40). Some shore bugs have even evolved
osmeteria in addition to their MTGs (48). The small water striders can
instantly double their speed by exuding saliva, which breaks the surface
tension of the water behind them (19). The widespread occurrence of com-
munication via waves in aquatic and semiaquatic Heteroptera (1) may explain
the frequent loss of exocrine glands in these bugs.

ENICOCEPHALIDAE  This is the sole family in an infraorder considered the
sister group to the other six heteropteran infraorders (135). Unigue-headed
bugs are rare terrestrial predators (77) and are the only bugs that form airborne
swarms that serve as mating leks (159, 163). Individual genera create male-
dominated, female-dominated, or mixed swarms, with male-dominated
swarms possibly most common (159). Males often have larger eves than
females (90). The 3/4 DAG of larvae remains active in both sexes of aduits.
The MTG has only been found in males, where it has a peculiar tubular form
(34, 40).

DEFENSE

Defensive secretions can be classified as nonspecific irritants, specific toxins,
and entangling substances (119). Small arthropods are vulnerable to entangle-
ment, irritants are effective against arthropod predators, and poisons are the
best chemical defense against birds and other vertebrates (119). The MTG and
larval DAG secretions of terrestrial Heteroptera are primarily defensive irri-
tants (127, 150). Larval allomones are enriched in high-molecular weight
constituents, presumably because the flightless immatures require longer-
lasting protection (17, 26, 150). The secretions of ground-dwelling imagoes
often resemble those of larvae in this respect (26). Besides serving as solvents
that modulate evaporation of volatile irritants, alkanes (and possibly esters in
coreids) act synergistically as spreading and penetrating agents (127, 150).
The phenolics and hydrogen peroxide of aquatic bugs are secondarily evolved
MTG secretions that are probably important as antiseptics (150).

Ants are a major threat to bugs (95). (E)-2-Hexenal, hexanal, hexanol,
hexanoic acid, 2-butyl-2-octenal, B-pinene, limonene, and farnesenes are ant
alarm or trail pheromones emitted by various heteropterans for defense (27).
The ubiquitous 4-oxo-alk-2-cnals may effectively mimic ketonic formicid
pheromones and the entire battery of heteropteran scent-gland weapons may
have evolvolved to mimic ant pheromones as a result of selection pressure by
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ants. The phenomenon whereby the model and the selective agent are the
same (Wasmannian mimicry) was originally proposed to account for the
morphological resemblance of myrmecophiles to ants. Although this is a
dubious explanation for myrmecophile morphology, it may be a viable con-
cept with regard to the allomones of Heteroptera (120).

Although the exocrine secretions of bugs are somewhat effective against
ants and other arthropod predators (20, 127), they are ineffective against birds
(150). Birds frequently prey upon Heteroptera, and the ability of coreids and
other bugs to spray birds in the eyes confers only marginal protection (2,
133). Rejection of Heteroptera by birds is primarily based on taste (133), as
shown for the cardenolide-sequestering Lygaeinae (51, 140, 141). Even
mantids learn to avoid milkweed bugs (24). Reduction of the MTG in
cyanogenic rhopalids (8, 29) and circumstantial evidence of countless
aposematic heteropterans feeding on toxic plants (e.g. 58, 78, 103, 105, 132)
indicate that sequestration or de novo synthesis (66, 161) of specific poisons
is more prevalent than currently appreciated.

Coincidence of aposematic coloration with a tendency to aggregate is the
norm for Heteroptera (4, 18, 55, 78, 80, 166). Aggregations may be dispersed
by alarm pheromones released by aggravated larvae (27, 56, 99) or adults (82,
109, 112, 128) and reformed via aggregation pheromones (4, 18, 56, 80, 99,
106). The lactonic excretory product of rhopalids in the genus Jadera (Figure
2, 45) is an aggregation pheromone for both adults and larvae (J, R. Aldrich,
unpublished). Other physiological characteristics that favor gregariousness in
Heteroptera are unrelated to aposematism. For example, group feeding im-
proves growth in seed-feeding bugs (25, 58, 123), phloem-sucking coreids
(62), and leaf-feeding lace bugs (162). Cotton stainer larvae appear aposemat-
ic; however, feeding clusters may deceive predators by mimicking flowers or
fruits (58). Congregated bugs may aveid desiccation (100} and may be less
vilnerable than individuals during molting (52).

Parasitoids are also enemies against which the MTG and larval DAG
secretions seem impotent. Tachinid flics are major parasitoids of Heteroptera
(39), yet feeding bugs are often oblivious to flies ovipositing on them (45).
There are even mites that live inside the MTG of coreids (150). Apiomerus
reduviids limit parasitism of their eggs to those on the periphery of their egg
masses by covering them with resin (160}. Volatiles from the female-specific
rectal gland of harpactecorines (23) may repel egg parasitoids. Viscid droplets
on stilt bug larvae might make it hazardous for parasitoids to oviposit and may
enhance crypsis because bervtids frequent plants with glandular hairs (171).
Mirid and tingid setal droplets are not especially sticky, but the novel mole-
cules in tingid droplets have nonpolar and polar ends (116, 117), which
suggests that these exudates are allomones aimed at wetting small predators
and parasitoids. (E£)-2-Hexenol from the adult DAG secretion of the shield
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bug Hotea gambiae is toxic to dipteran eggs and perhaps provides protection
against tachinid eggs (69). Powdery wax on the sternae of some pentatomids
(93) may make it difficult for tachinids to stick eggs onto these bugs. Indeed,
the tachinid Trichopoda plumipes prefers to oviposit under the wings of
Brochymena (50). Other biochemical, mechanical, and behavioral anti-
parasitoid adaptations surely exist, but one life-history strategy in Heteroptera
that may be as important as any of these antiparasitoid defenses is the
emission of long-range attractant pheromones by males rather than females.

REPRODUCTION

Attractant pheromones have been identified for only three bugs (10, 14, 21,
but these prove that some heteropterans rely on pheromones to congregate.
Podisus bugs are very generalized predators (105), and their attractants play 2
pivotal part in a polygynous mating system that is a conglomeration of
resource defense, lek formation, and female defense (163). Overwintered
females and males are attracted to calling males in spring before prey or
parasites are abundant (3). The first-generation male initially scarches for
prey and then attracts a mate with his pheromone, thereby risking discovery
by a complex of parasites (3, 10). Some males apparently avoid parasitism by
not releasing pheromone and try to intercept females attracted to calling
males. Regardless of season, copulation lasts much longer than necessary for
sperm transfer; this common heteropteran trait has been interpreted as female
defense (38, 104, 139).

Oligophagous pentatomoids seem more resource oriented than Podisus, yet
the evidence still implicates males as the attractive sex. In Nezara viridula
(21, 72, 121) and other pentatomoids of limited host breadth (110, 167y,
males attract females with a pheromone, thereby risking parasitization; this
selects for a male counterstrategy. N. viridula males do not call per se: instead
feeding appears to trigger pheromone synthesis and immediate release (30). In
addition, tremulations sensed by vibroreceptors in the legs are exchanged
during courtship, and rivalry signals warn males that attempt to intercede (41,
60). In asopines with pilose sternal patches, starvation followed by predation
on preferred prey stimulates secretion (13, 16). Some scutellerids also emit
male-specific exocrines from pilose sternal patches (36, 89). Some pentato-
mids (163) and plataspids (75, 76) mate in aggregations at the same place for
days, with individuals coming and going. The digestive advantage of group
feeding (125) may have preadapted these insects to this scramble competition
mating system (163). Males of one plataspid initiate aggregations because of
sexual selection (75, 76), and plataspids are known to possess Inale-specific
integumental glands (35, 108). The fruit juice-sucking marmorated stink bug
Halyomorpha mista is an interesting exception to the picture just developed.
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This bug has a large host range and is solitary except during hibernation. The
sexes are equally parasitized by tachinids, and copulation only lasts about 10
min (83).

Males of large phloem-feeding coreids (11, 57, 62, 109), some lygaeid
seed bugs {161, 163), and rhopalids that feed on poisonous Sapindaceae (38)
are defenders of resources and females, and the males of most of these species
have ventral abdominal glands (11. 164). An attractant role was proposed for
coreoid ventral abdominal gland secretions (5), but blends mimicking these
secretions were unattractive to Leptoglossus in the field. It i1s now known that
males of these insects liberate sesquiterpenes (J. R. Aldrich, unpublished).
This fact, plus the striking similarity of these coreid secretions (Figure 2,
5-15) to those of male lepidopterans and the fact that secretion oozes from the
glands during copulation, suggests that ventral abdominal gland secretions
mark mated females. At close range, Leptoglossus males are stimulated by
mating pairs (5).

Reliance on poisons appropriated from plants has evidently relaxed selec-
tion pressure on MTG secretions of Lygaeinae (130), allowing sexual func-
tions to evolve (539, 92). Lygaeine males possess at least one extra set of
exocrine glands (36, 91, 164). Isolated Oncopeltus fasciatus males smell
sweet (92), and caged milkweed bug adults attracted conspecifics in the field
(126). In the cotton stainer, Dvsdercus koenigii, juvenile hormone controls
the synthesis of the olfactory signal from female MTGs that stimulates
courtship (73); this strongly implicates linalool as the stimulant. One other
odd bit of circumstantial evidence indicates that MTG secretions occasionally
have a sexual role: Legume-feeding alydids that produce foul-smelling acids
in the MTG (17) are often attracted to carrion and feces (122, 131).

Data for the remaining heteropteran infraorders give a sketchy outline of
pheromones in these taxa. The meagerness of the data may be partially due to
the difficulty of studying aquatic insects. Enicocephalids are scattered preda-
tors (77) that form airborne leks in the absence of defendable resources (159),
and again males have hypertrophied exocrine glands (34). Isobutyric acid is a
characteristic reduviid exccrine, and assassin bugs are among the few bugs
that show up at carrion (i122). For the blood-sucking reduviid Rhodnius
prolixus, one report indicated that females are more attracted to the odor of
males than vice versa (150). Another study showed that mating pairs produce
an airborne stimulant atiractive to males (150). Triatoma mazzottii females
secrete a sex pheromone from sternites 6 and 7 that was attractive to virgin
males in an olfactometer (118). For Miridae, all evidence indicates that
females emit pheromones attractive to flying males (65a, 85, 158). Esters
identified from tarnished plant bugs (67) were unattractive to the bugs in ficld
tests (74), but a minor component from the bug, phenylacetaldehyde, is also
found in corn silks and attracts Lygus lineolaris in the field (33).
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MIGRATION

“To migrate is to use specialized behavior evolved for the displacement of the
individual in space” (47). In insects, especially the Heteroptera, research on
migratory specializations has focused on female emigration, the so-called
oogenesis-flight syndrome, and on polymorphic and polyphenic variations in
migratory capabilities (47). Mirids are vagile because they are strong fliers yet
are small enough to ride wind currents (148). Mirid females attract males with
a pheromone, and this must be considered a specialized behavior facilitating
immigration. Another example of specialized displacement behavior in Miri-
dae is provided by the relatively large (6 mm) Harpocera thoracica females,
which produce an excess of terpenyl acetates in the MTG (Figure 2, 74, 75).
Males live for one week in May (149), when they can be trapped by the
hundreds (148), but females live longer and disperse aerially before oviposit-
ing in oak twigs.

Pentatomorphan males have evidently been favored as pheromone emitters,
and their flight facility is usually lifelong, but females often lose the propen-
sity or ability to fly after the onset of cogenesis (47, 58, 111). Prolonged
flight and the longer life span of male bugs have been interpreted solely as
adaptations for locating mates (47). In fact, careful monitoring of immigration
bouts showed that males are often the first arrivals at maturing seed crops (22,
31, 61). Furthermore, Eurygaster integriceps males only emit their vanillalike
scent after migrating back to wheat fields in the spring (173). In various true
bugs, adverse conditions increase larval mortality of females (25, 46), in
effect leaving more male colonizers. In these and other heteropteran species,
attractant pheromones are probably an important component of the coloniza-
tion process.

CONCLUSIONS

Heteroptera seem to have a hodgepodge of independently evolved exocrine
glands. When it comes to pheromone analysis, one way out of this semio-
chemical quagmire is to trap and characterize the airborne chemical signals.
Bven this method is fraught with the difficulty of herding bugs into a suitable
apparatus without eliciting a chemical discharge. There are huge gaps in our
knowledge of the semiochemistry of the group. Most investigations of heter-
opterans emphasize either chemistry or behavior but not both. Most taxa have
yet io be examined, and the lack of information is especially acute for the
important predators among the Nabidae, Anthocoridae, and Geocorinae.
Even so, it is evident that parasitoids are powerfully attracted to the pher-
omones of Heteroptera, and pheromones could be immediately useful in
locating parasitoids of exotic pests. The realization that some hymenopteran
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parasitoids of Heteroptera are phoretic and parasitize only freshly laid eggs
may explain past failures and temper future efforts in biocontrol. Merely
keeping track of the incidence of parasitism in each sex could provide
valuable clues to the existence of new pheromones. As pheromones of
heteropteran crop pests are identified they will find applications as monitoring
tools. Finally, elucidation of chemical messengers for predatory and weed-
feeding bugs may lead to pheromonal husbandry of these beneficial insects.

ACKNOWLEDGMENTS

I thank M. S. Blum, C. W. Schaefer, and J. O. Schmidt for critical reviews of
the manuscript, and J. P. Farine for sharing unpublished data. Special thanks
to 5. Wilzer, M. Weinrich, and 8. Cohen for help in preparing the final copy.

Literature Cited

1.

2.

Aiken, R, B. 1985. Sound production by
aquatic insects. Biol. Rev. 60:163-211
Alcock, J. 1973, The feeding response
of hand-reared red-winged blackbirds
(Agelaius phoeniceus) to a stinkbug (Eu-
schistus conspersus). Am. Midl. Nat.
89:307-13

. Aldrich, J. R. 1985. Pheromone of a

true  bug  (Hemiptera-Heteroptera):
Attractant for the predator, Podisus
maculiventris, and kairomonal effects.
In Semiochemistrv: Flavors and Pher-
omones, ed. T. E. Acree, D. M. Soder-
lund, pp. 95-119. Berlin: de Gruyter

. Aldrich, J. R., Blum, M. S. 1978.

Aposematic aggregation of a bug
(Hemiptera: Coreidae). The defensive
display and formation of aggregations.
Biotropica 10:58-61

. Aldrich, J. R., Blum, M. §., Duffey, S.

S. 1976. Male specific natural products
in the bug, Leptoglossus phyllopus:
Chemistry and possible function. J. In-
sect Physiol. 22:1201-6

. Aldrich, J. R., Blum, M. S., Fales, H.

M. 1979, Species-specific natral prod-
ucts of adult male leaf-footed bugs
(Hemiptera: Heteroptera). J. Chem.
Ecol. 5:53-62

. Aldrich, J. R., Blum, M. S., Hcfetz,

A., Fales, H. M., Lloyd, H. A., Roller,
P. 1978. Proteins in a nonvenomous de-
fensive secretion: Biosynthetic signifi-
cance. Science 201:452-54

. Aldrich, J. R., Blum, M. §., Lloyd, H.

A., Evans, P. H., Burkhard, D. R.
1979. Novel exocrine secretions from
two species of scentless plant bugs
(Hemiptera: Rhopalidae). Entomol. Exp.
Appl. 26:323-31

. Aldrich, J. R., Blum, M. S., Lloyd, H.,

10.

1L

14.

16.

Fales, H. M. 1978. Pentatomid natural
products: Chemistry and morphology of
the II-IV dorsal abdominal glands of
adults. J. Chem. Ecol. 4:161-72
Aldrich, J. R., Kochansky, J. P.,
Abrams, C. B. 1984. Attractant for a
beneficial insect and its parasitoids:
Pheromone of the predatory spined
soldier bug, Podisus maculiventris
(Hemiptera: Pentatomidae). Environ.
Entomol. 13:1031-36

Aldrich, J. R., Kochansky, J. P., Lus-
by, W. R., Dutky, S. R. 1982. Volatile
male-specific natural products of a
coreid bug (Hemiptera: Heteroptera). J.
Chem. Ecol. 8:1369-76

. Aldrich, J. R., Kochansky, J. P., Lus-

by, W. R., Sexton, J. D. 1984. Semi-
ochemicals from a predaccous stink bug,
Podisus maculiventris (Hemiptera: Pen-
tatornidae). J. Wash. Acad. Sci. 74:39-
46

. Aldrich, J. R., Lusby, W. R. 1986.

Exocrine chemistry of beneficial insects:
Male-specific secretions from predatory
stink bugs (Hemiptera: Pentatomidae).
Comp. Biochem. Physiol. B 85:639-42
Aldrich, J. R., Lusby, W. R., Kochuns-
ky, J. P. 1986. Identification of a new
predaceous stink bug pheromone and its
attractivencss to the eastern yellowjack-
et. Fxperientia 42:583-85

. Aldrich, J. R., Lusby, W. R., Kochans-

ky, 1. P., Abrams, C. B. 1984. Volatile
compounds from the predatory insect
Podisus maculiventris (Hemiptera: Pen-
tatomidae): Male and female meta-
thoracic scent gland and female dorsal
abdominal gland secretions. J. Chem.
Ecol. 10:561-68

Aldrich, J. R., Oliver, I. E., Lusby, W.




232 ALDRICH

R., Kochansky, J. P. 1986. Identifica-
tion of male-specific exocrine secretions
from predatory stink bugs (Hemiptera:
Pentatornidae). Arch. Insect Biochem.
Physiol. 3:1-12

16a. Aldrich, J. R., Oliver, I. E., Lusby,

W. R., Kochansky, §. P., Lockwood, §.
A. 1987, Pheromone strains of the cos-
mopolitan pest, Nezara viridula (Heter-
optera: Pentatomidae). J. Exp. Zool.
244: In press

17. Aldrich, I. R., Yonke, T. R. 1975. Nat-

ural products of abdominal and
metathoracic scent glands of coreid
bugs. Ann. Entomol. Soc. Am. 68:955--

60
18. Aller, T., Caldwell, R. L. 1979. An

investigation of the possible presence of
an aggregation pheromone in the milk-
weed bugs, Oncopeltus fasciatus and
Lygaeus kalmii.  Physiol. Entomol.
4:289-90

19. Andersen, N. M. 1976. A comparative

study of locomotion on the water surface
in semi-aquatic bugs (Insecta, Hemip-
tera, Gerromorpha). Vidensk. Medd.
Dan. Naturhist. Foren. Khobenhavn.
139:337-96

20. Aryeetey, E. A, Kumar, R. 1973,

21

22

23

24

25

26.

27.

Structure and function of the dorsal
abdominal gland and defemce mech-
anism in cocoa-capsids (Miridae: Heter-
optera). J. Entomol. Ser. A 47:181-89

. Baker, R., Borges, M., Cooke, N. G.,
Herbert, R. H. 1987. Identification and
synthesis of (Z)-(1'S,3'RA'S)—)-2-
(3',4'-epoxy-4' - methyleyclohexyl) - 6-
methylbepta-2,5-diene, the sex pher-
omone of the southern green stinkbug,
Nezara viridula (L.). Chem. Commun.
1987:414-16

. Ballard, E., Evans, M. G. 1928. Dys-
dercus sidae Montr. in Queensland.
Bull. Entomol. Res. 18:405-32

. Barth, R. 1961. S6bre o 6rgéo abdomi-
nal glandular de Arilus carinatus (Fors-
ter, 1771) (Heteroptera, Reduviidae).
Mem. Inst. Oswaldo Cruz 59:37-43

. Berenbaum, M. R., Miliczky, E. 1984,
Mantids and milkweed bugs: Efficacy of
aposematic  coloration  against in-
vertebrate predators. Am. Midl. Nat.
111:64-68

. Biney, S. H. 1984. A study of the

nymphal aggregation of Dieuches femor-

alis Byles (Heteroptera: Lygacidae). In-

sect Sci. Appl. 5:131-36

Blum, M. S. 1981. Chemical Defenses

of Arthropods. New York: Academic.

562 pp-

Blum, M. S. 1985. Alarm pheromones.
In Comprehensive Insect Physiology,
Biochemistry and Pharmacology, Vol.

28.

29.

30.

31.

32.

33.

34.

38.

38a.

39.

9, ed. G. A. Kerkut, L. 1. Gilbert, pp.
193-224. Oxford: Pergamon

Boivin, G., Stewart, R. K. 1982.
Attraction of male green apple bugs,
Lygocoris communis (Hemiptera: Miri-
dae), to caged females. Can. Entomol.
114:765-66

Braekman, J. C., Daloze, A., Pasteels,
1. M. 1982. Cyanogenic and other ghu-
cosides in a neo-Guinean bug Leptocoris
isolata: Possible precursors in its host-
plant. Biochem. Syst. Ecol. 10:355-64
Brennan, B. M., Chang, F., Mitchell,
W. C. 1977. Physiological effects on
sex pheromone communication in the
southern green stink bug, Nezara viridi-
la. Environ. Entomol, 6:167-73
Brown, E. S. 1962. Researches on the
ecology and biology of Eurygaster in-
tegriceps Put. (Hemiptera, Scuteller-
idae) in Middle East countries, with
special reference to the overwintering
period. Bull. Entomol. Res. 53:445-514
Burger, B. V., Munro, 7., Roth, M.,
Geertsema, H., Habich, A. 19806. The
chemical nature of the adult defensive
secretion of the tip wilter, Elasmopoda
valga. Insect Biochem. 16:687-90
Cantelo, W. W., Jacobson, M. 1979.
Corn silk volatiles attract many pest
species of moths. J. Environ. Sci.
Health A 14:695-707

Carayon, J. 1971. Notes et documents
sur 1'appareil odorant métathoracique
des Hémipteres. Ann. Soc. Entomol. Fr.
7:737-10

. Carayon, J. 1981. Dimorphisme sexuel

des glandes tégumentaires et production
de phéromones chez les Hémiptéres Pen-
tatomoidea. C. R. Acad. Sci. Ser. Il
292:867-70

, Carayon, J. 1984. Les androconies de

certains Hémiptéres Scutelleridae. Ann.
Soc. Entomol. Fr. 20:113-34

. Carrillo, 1. L., Caltagirone, L. E. 1970.

Observations on the biology of Solierel-
la peckhami, S. blaisdeili (Sphecidae)
and two species of Chrysididae (Hyme-
noptera). Ann. Entomol. Soc. Am.
63:672-81
Carroll, S. P. 1987. Contrasts in repro-
ductive ecology between temperate and
tropical populations of Jadera haemato-
loma, a mate-guarding hemipteran (Rho-
palidae). Ann. Entomol. Soc. Am. 80:In
press

Carroll, S. P., Loye, J. E. 1987.
Specialization of Jadera species
(Hemiptera: Rhopalidae) on the seeds of
Sapindaceae (Sapindales), and coevolu-
tionary responses of defense and attack.
Ann. Entomol. Soc. Am. 80:373-78
Clausen, C. P. 1978. Introduced Para-

sites and Predators o)
and Weeds: A Worl,
Handbook No. 480. E
US Dep. Agric. 545 &

40. Cobben, R. H. 198
Trends in Heteroptera
part-Structures and Fj
Wageningen, the Netl
& Zonen. 407 pp.

41. Cokl, A. 1983, Funct
vibroreceptors in the |
dula (L.) (Heterop!
J. Comp. Physiol.

42, Daroogheh, H., O
1982. Linaloot from;
Dysdercus supersti
tera: Pyrrhocor

43. Davis, N. T. 1969. {
morphology and ph
duvioidea. Part IV:
complex. Ann. Er
62:74-94

44. DeLange, H. C., var
1982. Analysis o
tion of Carlisis wal
tera: Coreidae). J.
Afr. 45:15-20

45. Dietrick, E. 1., van
Insectary propagatio
and its parasite T}
Fabr. J. Econ. Eni

46. Dingle, H. 1966.
tion density on mor
the milkweed bug,
cotton stainer, Dys¢
Am. Nat. 100:465

47. Dingle, H. 1985.
27, pp. 3715415

48. Drake, C. 1. 1962.
two new  genel
(Hemiptera; Saldid
Wash. 75:115-24

49. Drake, C. 1., Ruhg
bugs of the world:
Tingidae). US Nu§
634

50. Eger, 1. E. Jr. 1
preferences and \g

parasitism of Bi
Trichopoda plumi]
Texas. Environ. g
51. Bvans, D. L., Ca
dine, H. 1986. G
fense of Caenocd
Oikos 46:325-29:
52. Evans, E. W., Ra
molting and oth
hunter, Apateti%
tera: Pentatomid:

Am. 73:270-74
53. Bverton, 1. 1., K
B. W. 1979




- Kerkut, L. 1. Gilbert, pp.
xford: Pergamon

, Stewart, R. K. 1982,
f male green apple bugs,
ommunis (Hemiptera: Miri-
«d females. Can. Entomol.

1. C., Daloze, A., Pasteels,
Cyanogenic and other glu-
neo-Guinean bug Leprocoris
sible precursors in its host-
zm. Syst. Ecol. 10:355-64
M., Chang, F., Mitchell,
/. Physiological effects on
one communication in the
=n stink bug, Nezara viridu-
Entomol. 6:167-73
». 1962. Researches on the
biology of Eurygaster in-
. (Hemiptera, Scuteller-
ddle East countries, with
ence to the overwintering
Entomol. Res. 53:445-514
V., Munro, Z., Roth, M.,
H., Habich, A. 1986. The
ure of the adult defensive
the tip wilter, Elasmopoda
* Biochem. 16:687-90

W., Jacobson, M. 1979,
olatiles attract many pest
moths. J. Environ. Sci.
695-707

1971. Notes et documents
il odorant métathoracique
es. Ann. Soc. Entomol. Fr.

1981. Dimorphisme sexuel
égumentaires et production
2s chez les Hémipteres Pen-
C. R. Acad. Sci. Ser. [l

1984. Les androconies de
iptéres Scutelleridae, Ann.
LoFr. 20:113-34
., Caltagirone, L. E., 1970.
on the biology of Solierel-
S. blaisdelli (Sphecidae)
ies of Chrysididae (Hyme-
. Entomol. Soc. Am.

1987. Contrasts in repro-
Zy between temperate and
ations of Jadera haemato-
guarding hemipteran (Rho-
. Entomol. Soc. Am. 80:In

P., Loye, J. E. 1987.
of Jadera species

hopalidae) on the seeds of

‘Sapindales), and coevoly-

ses of defense and attack.

. Soc. Am. 80:373-78

*. 1978. Introduced Para-

40.

41.

42,

43.

44,

45.

46.

47.
48.

49.

51.

52.

o
()

HETEROPTERAN CHEMICAL ECOLOGY 233

sites and Predaiors of Arthropod Pests
and Weeds: A World Review. USDA
Handbook No. 480. Washington, DC:
US Dep. Agric. 545 pp.

Cobben, R. H. 1978. Evolutionary
Trends in Heteroptera. Part II. Mouth-
part-Siructures and Feeding Strategies.
Wageningen, the Netherlands: Veenman
& Zonen. 407 pp.

Cokl, A. 1983. Functional properties of
vibroreceptors in the legs of Nezara viri-
dula (L.) (Heteroptera, Pentatomidae).
J. Comp. Physiol. A. 150:261-69
Daroogheh, H., Olagbemiro, T. O.
1982. Linalool from the cotton stainer
Dysdercus superstitiosus (F.) (Heterop-
tera:  Pyrrthocoridae).  Experientia
38:421-22

Davis, N. T. 1969. Contribution to the
morphology and phylogeny of the Re-
duvicidea. Part IV. The harpactoroid
complex. Ann. Entomol. Soc. Am.
62:74-94

Del.ange, H. C., van Rensburg, D. J. J.
1982. Analysis of the defensive secre-
tion of Carlisis wahlbergi Stal (Hemip-
tera: Coreidae). J. Entomol. Sec. South.
Afr. 45:15-20

Dietrick, E. 1., van den Bosch, R. 1957,
Insectary propagation of the squash bug
and its parasite Trichopoda pennipes
Fabr. J. Econ. Entomol. 50:627-29
Dingle, H. 1966. The effect of popula-
tion density on mortality and sex ratio in
the milkweed bug, Oncopeltus, and the
cotton stainer, Dysdercus (Heteroptera).
Am. Nat, 100:465-70

Dingle, H. 1985. Migration. See Ref.
27, pp. 375-415

Drake,,C. J. 1962. Synonymic data and
two new genera of shore-bugs
(Hemiptera; Saldidae). Proc. Biol. Soc.
Wash. 75:115-24

Drake, C. J., Ruhoff, F. A. 1963, Lace-
bugs of the world: A catalog (Hemiptera:
Tingidae). US Narl. Mus. Bull. 243:1~
634

. Eger, J. E. Jr. 1981. Oviposition site

preferences and related aspects of the
parasitism of Brochvmena spp. by
Trichopoda plumipes in College Station,
Texas. Environ. Entomol. 10:468-71
Evans, D. L., Castoriades, N., Badrud-
dine, H. 1986. Cardenolides in the de-
fense of Caenccoris nerii (Hemiptera).
Qikos 46:325-29

Evans, E. W., Root, R. B. 1980. Group
molting and other lifeways of a solitary
hunter, Apateticus bracteatus (Hemip-
tera; Pentatomidae). Ann. Entomol. Soc.
Am. 73:270-74

. Everton, I. J., Knight, D. W., Staddon,

B. W. 1979, Linalool from the

57.

58.

60.

61.

62.

64.

metathoracic scent gland of the cotton
stainer Dysdercus intermedius Distant
(Heteroptera:  Pyrrhocoridae). Comp.
Biochem. Physiol. B 63:157-61

. Everton, I. J., Staddon, B. W. 1979.

The accessory gland and metathoracic
scent gland function in Oncopeltus
fasciatus. J. Insect Physiol. 25:133-
41

. Farine, J. P., Lobreau, J. P. 1984, Le

grégarisme chez Dysdercus cingulatus
Fabr. {Heteroptera, Pyrrhocoridae):
Nouvelle méthode d’interprétation sta-
tistique. Insectes Soc. 31:277-90

. Fujisaki, K. 1975. Breakup and re-

formation of colony in the first-instar
larvae of the winter cherry bug, Acan-
thocoris sordidus Thunberg (Hemiptera:
Coreidae), in relation to the defence
against their enemics. Res. Popul. Ecol.
Kyoto 16:252-64

Fujisaki, K. 1981. Studies on the mating
system of the winter cherry bug, Acan-
thocoris sordidus Thunberg (Heterop-
tera: Coreidae). I1. Harem defense poly-
gyny. Res. Popul. Ecol. Kyoto 23:262~
79

Fuseini, B. A., Kumar, R. 1975. Ecolo-
gy of cotton stainers (Heteroptera: Pyr-
rhocoridae) in southern Ghana. Biol. J.
Linn. Soc. 7:113-46

. Games, D. E., Staddon, B. W. 1973.

Chemical expression of a sexual di-
morphism in the tubular scent glands of
the milkweed bug, Oncopeltus fasciatus
(Dallas) (Heteroptera; Lygaeidae). Ex-
perientia 29:532-33

Gogala, M. 1984, Vibration producing
structures and songs of terrestrial Heter-
optera as systematic character. Biol.
Vestn. 32:19-36

Golding, F. D. 1928. Notes on the
bionomics of cotton stainers {Dysdercus)
in Nigeria. Bull. Entomol. Res. 18:319~
35

Goodchild, A. J. P. 1977. Bionomics,
aggregated feeding behaviour, and col-
our variations in the sap-sucking bug
Mygdonia tuberculosa Sign. (Hemip-
tera:  Coreidae). Rev. Zool. Afr.
91:1032-41

. Gough, A. J. E., Games, D, E., Stad-

don, B. W., Knight, D. W., Olagbe-
miro, T. O. 1986. C, aliphatic alde-
hydes: Possible sex pheromone from
male tropical West African shield bug,
Sphaerocoris annulus. Z. Naturforsch.
Teil C 41:93-96

Gough, A, J. E., Games, D. E., Stad-
don, B. W., Qlagbemiro, T. O. 1985.
Male produced volatiles from coreid bug
Leptoglossus australis (Heteroptera). Z.
Naturforsch. Teil C 40:142-44




234

65.

ALDRICH

Gough, A. J. E., Hamilton, J. G. C.,
Games, D. E., Staddon B. W. 1985,
Multichemical defense of plant bug
Hotea gambine (Westwood) (Heterop-
tera: Scutelleridae): Sesquiterpenoids
from abdominal gland in larvae. J.
Chem. Ecol. 11:343-52

65a. Graham, H. M. 1987. Atraction of

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

Lygus spp. males by conspecific and
congeneric females. Southwest. Ento-
mol. 12:147-55

Graham, J. D. P., Staddon, B. W. 1974,
Pharmacological observations on body
fluids from the milkweed bug, Oncopel-
tus fusciatus (Dallas) (Heteroptera:
Lygaeidae). J. Entomol. Ser. A 48:177-
83

Gueldner, R. C., Parrott, W. L. 1978.
Volatile constituents of the tarnished
plant bug. Insect Biochem. 8:389-91
Gupta, B. D. 1979. Occurrence of sex
pheromone in female Dysdercus similis
Freeman (Heteroptera: Pyrrhocoridae).
Biochem. Exp. Biol. 15:77-79
Hamilton, J. G. C., Gough, A. J. E.,
Staddon, B. W., Games, D. E. 1985.
Multichemical defense of plant bug
Hotea gambige (Westwood) (Heterop-
tera: Scutelleridae): (E)-2-Hexenol from
abdominal gland in adults. J. Chem.
Ecol. 11:1399-409

Hanssen, H.-P., Jacob, J. 1982.
Monoterpenes from the true bug Har-
pocera thoracica (Hemiptera). Z. Natur-
Jorsch. Teil C 37:1281-82

Hanssen, H.-P., Jacob, J. 1983. Sex-
dependent  monoterpene  formation  in
Harpocera  thoracica  (Hemiptera).
Naturwissenschafien 70:622-23

Harris, V. E., Todd, J. W. 1980. Male-
mediated aggregation of male, female
and Sth-instar southern green stink bugs
and concomitant attraction of a tachinid
parasite, Trichopoda pennipes. En-
tomol. Exp. Appl. 27:117-26
Hebbalkar, . §., Sharma, R. N. 1982,
An experimental analysis of mating be-
havior of the bug Dysdercus koenigiii F
(Hemiptera: Pyrrhocoridae). Indian J.
Exp. Biol. 20:399-405

Hedin, P. A., Parrott, W. L., Tedders,
W. L., Reed, D. K. 1985. Field re-
sponses of the tarnished plant bug to its
own volatile constituents. J. Miss. Acad.
Sci. 30:63-66

Hibino, Y. 1985. Formation and mainte-
nance of mating aggregations in a stink
bug, Megacopta punctissimum (Montan-
don) (Heteroptera: Plataspidae). J.
Ethol. 3:123-29

Hibino, Y. 1986. Female choice for
male gregariousness in a stink bug,
Megacopta punctissimum (Montandon)

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

(Heteroptera, Plataspidae). J. Ethol.
4:91-95

Hickman, V. V., Hickman, J. L. 1981,
Observations on the biology of Oncylo-
cotis tasmanicus (Westwood) with de-
scriptions of the immature stages
(Hemiptera, Enicocephalidae). J. Nat.
Hist. 15:703-15

Hori, K., Okamoto, K., Kuramochi, K.
1984. Distribution, feeding site and de-
velopment of the cabbage bug Eurydema
rugosum Motschulsky (Hemiptera: Pen-
tatomidae), on cruciferous plants. Appl.
Entomol. Zpol. 19:273-79

Howard, J. ., Wiemer, D. F. 1983. The
defensive secretion of Edessa rufomar-
ginata. Naturwissenschaften 70:202-3
Ishiwatari, T. 1976. Studies on the scent
of stink bugs (Hemiptera: Pentatomi-
dae). II. Aggregation pheromone activ-
ity. Appl. Entomol. Zool. 11:38-44
Janaiah, C., Rao, P. 5., Chari, N., Red-
dy, P. V. 1979. Chemical composition
of the scent glands of adults and nymphs
of the Tessaratoma javanica Thunberg.
Indian J. Exp. Biol. 17:1233-35
Kalin, M., Barett, ¥. M. 1975.
Observations on the anatomy, histology,
release site, and function of Brindley’s
glands in the blood-sucking bug, Rhod-
nius prolixus (Heteroptera: Reduviidae).
Ann. Entomol. Soc. Am. 68:126-34
Kawada, H., Kitamuya, {. 1983. The
reproductive  behavior™ of the brown
marmorated stink bug, Halyomorpha
mista Uhler (Heteroptera: Pentatomi-
dae). 1. Observation of mating behavior
and multiple copulation. Appl. Entomol.
Zool. 18:234-42

Kearns, R. S., Yamamoto, R. T. 1981,
Maternal behavior and alarm response in
the eggplant lace bug, Gargaphia solani
Heidemann (Tingidae: Heteroptera).
Psyche 88:215-30

King, A. B. S. 1973. Studies of sex
attraction in the cocoa capsid, Dis-
tantiella theobroma (Heteroptera: Miri-
dae). Entomol. Exp. Appl. 16:243-54 -
Kitamura, C., Wakamura, S., Taka-
hashi, S. 1984. Identification and func-
tions of ventral glands secretion of some
Heteroptera. Appl. Entomol. Zool.
19:33-41

Knight, D. W., Rossiter, M., Staddon,
B. W. 1984. Esters from the metathorac-
ic scent gland of two capsid bugs,
Pilophorus perplexus Douglas and Scott
and Blepharidopterus angulatus (Fallen)
(Heteroptera: Miridae). Comp. Bio-
chem. Physiol. B 78:237-39

Knight, D. W., Rossiter, M., Staddon,
B. W. 1984, (Z E)-a-Farnesene: Major
component of secretion from meta-

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

160.

101.

thoracic scent glag
Oxycarenus
(Heteroptera;
Ecol. 10:641-4 g
Knight, D. w.3A
Thorne, M. J. 1988
omone from andré¢

identified as 3,5
Naturforsch. Teil:
Kritsky, G. 197%
morphology and 3
cocephalidae (3
News 88:105-1
Lawrence, P. A
Peculiarities of
tem of the cotton:
ciatus Signoret (&
idae). J. Entomol
Lener, W. 1969
the large milkweg
ciatus. Am. Zool,
Leston, D. 1953 ]
Pentatomoidea
secretion by Ha
Entomol. Mon. M
Leston, D. 197
cocoa farm. Ang
273-94 ;
Leston, D. 197
mosaic. Ann.
649-53

Leston, D. 19
organ of certain:
and its function.

Braconidae), par
plant bug, Lygus
Miridae). Can. B
Livingstone, D.
growths and the
ing” in the nymy
(Hemiptera: Hete
12:377-94
Lockwood, J. A
Bifunctional phe
star of the sout]
Nezara viridula
tomidae): Its ch
teraction with of
tomol. Soc. Am.

Lockwood, J. A

Nezara viridula
tomidae). Enviros
Louis, D. 1974.
of cocoa farms
Nat. 91:68-89




<, Plataspidae). J. Ethol.

. V., Hickman, I. L.. 1981.
s on the biology of Oncylo-
nicus (Westwood) with de-
of the immature stages
Enicocephalidae). J. Nat.
3-15
=amoto, K., Kuramochi, K.
ibution, feeding site and de-
»f the cabbage bug Eurydema
otschulsky (Hemiptera: Pen-
on cruciferous plants. Appl.
20l. 19:273-79
J., Wiemer, D. F. 1983. The
~cretion of Edessa rufomar-
arwissenschafien 70:202-3
1. 1976. Studies on the scent
wgs (Hemiptera: Pentatomi-
-gregation pheromone activ-
‘ntomol. Zool. 11:38-44
Rao, P. §., Chari, N., Red-
979. Chemical composition
glands of adults and nymphs
watoma javanica Thunberg.
xp. Biol. 17:1233-35
., Barrett, F. M. 1975,
s on the anatomy, histology,
and function of Brindley’s
= blood-sucking bug, Rhod-
s (Heteroptera: Reduviidae).
al. Soc. Am. 68:126-34
., Kitamura, . 1983. The
. bebavior” of the brown
stink bug, Halyomorpha
¢ (Heteroptera: Pentatomi-
srvation of mating behavior
- copulation. Appl. Entomol.
4 42

S.. Yamamote, R. T. 1981.
havior and alarm response in
lace bug, Gargaphia solani
(Tingidae: Heteroptera).
15-30
5. 8. 1973, Studies of sex
n the cocoa capsid, Dis-
obroma (Heteroptera; Miri-
wol. Exp. Appl. 16:243-54
Z., Wakamura, S., Taka-
'84. Identification and func-
aal glands secretion of some
Appl. Entomol. Zool.

W., Rossiter, M., Staddon,
Esters from the metathorac-
and of two capsid bugs,
rerplexus Douglas and Scott
idopterus angulatus (Fallen)
: Miridae). Comp. Bio-
‘ol. B 78:237-39

W., Rossiter, M., Staddon,
. (Z,Ej-a-Famesene: Major
of secretion from meta-

89.

90.

91.

92.

93.

94.

95.

96.

98.

99.

100.

101.

HETEROPTERAN CHEMICAL ECOLOGY 235

thoracic scent gland of cotton seed bug,
Oxvcarenus  hyalinipennis  (Costa)
(Heteroptera; Lygaeidae). J. Chem.
Ecol. 10:641-49

Knight, D. W., Staddon, B. W,
Thorne, M. J. 1985. Presumed sex pher-
omone from androconial glands of male
cotton harlequin bug Tectocoris di-
ophthalmus (Heteroptera: Scutelleridae)
identified as 3,5-dihydroxy-4-pyrone. Z.
Naturforsch. Teil C 40:851-53
Kritsky, G. 1977, Observations on the
morphology and behavior of the Eni-
cocephalidae  (Hemiptera). Entomol.
News 88:105-10

Lawrence, P. A., Staddon, B. W. 1975.
Peculiarities of the epidermal gland sys-
tem of the cotton stainer Dysdercus fas-
ciatus Signoret (Heteroptera: Pyrrhocor-
idae). J. Entomol. Ser. A 49:121--30
Lener, W. 1969, Pheromone secretion in
the large milkweed bug, Oncopeltus fas-
ciatus. Am. Zool. 9:1143

Leston, D. 1953. Notes on the Ethiopian
Pentatomoidea (Hem.): XIII. On a waxy
secretion by Halyini (Pentatomidae).
Entomol. Mon. Mag. 89:1147

Leston, D. 1970. Entomology of the
cocoa farm. Ann. Rev. Entomol. 15:
273-94

Leston, D. 1978, A neotropical ant
mosaic. Ann. Entomol. Soc. Am. T
649-53

Leston, D. 1979. The eversible rectal
organ of certain Miridae (Hemiptera)
and its function. Fla. Entomol. 62:409~
11

7. Lim, K. P., Stewart, R. K. 1976. Lab-

oratory studies on Peristenus pallipes
and P. pseudopallipes (Hymenoptera:
Braconidae), parasitoids of the tarnished
plant bug, Lygus lineolaris (Hemiptera:
Miridae). Can. Entomol. 108:815-21
Livingstone, . 1978. On the body out-
growths and the phenomenon of “sweat-
ing” in the nymphal instars of Tingidae
(Hemiptera: Heteroptera). J. Nat. Hist.
12:377-94

Lockwood, J. A., Story, R. N. 1985.
Bifunctional pheromone in the first in-
star of the southern green stink bug,
Nezara viridula (1..) (Hemiptera: Penta-
tomidae): Its characterization and in-
teraction with other stimuli. Ann. En-
tomol. Soc. Am. 78:474-79
Lockwood, J. A., Story, R. N. 1986.
Adaptive functions of nymphal aggrega-
tion in the southern green stink bug,
Nezara viridula (L.) (Hemiptera: Penta-
tomidac). Environ. Entomol. 15:739-49
Louis, D. 1974. Biology of Reduviidae
of cocoa farms in Ghana. Am. Midl.
Nat. 91:68-89

102.

104.

105.

106.

107,

108.

109.

110.

1.

114.

Maschwitz, U., Gutmann, C. 1979.
Spur- und Alarmstoffe bei der gefleckten
Brutwanze Elasmucha griesa {Heterop-
tera: Acanthosomidae). Insectes Soc.
26:101-11

3. McLain, D. K. 1984. Coevolution: Mul-

lerian mimicry between a plant bug
(Miridae) and a seed bug (Lygaeidae)
and the relationship between host plant
choice and  unpalatability.  Oikos
43:143-48

McLain, D. K. 1985. Male size, sperm
competition, and the intensity of sexual
selection in the southern green stink bug,
Nezara viridula (Hemiptera: Pentatomi-
dae). Ann. Entomol. Soc. Am. 78:86-89
McPherson, J. E. 1982. The Pentato-
moidae (Hemiptera) of Northeastern
North America with Emphasis on the
Fauna of Illincis. Carbondale, Iil:
Southern I, Univ. 240 pp.

Melber, A. 1982. Artspezifische olfak-
torische Orientierung im Nahbereich bei
der Aggregationsbildung von Dysder-
cus-Larven (Heteroptera:  Pyrrhocor-
idae). Zool. Jahrb. Physiol. 86:243-
57

Melber. A., Holscher, L., Schmidt, G.
H. 1980. Further studies on the social
behavior and its ecological significance
in Elasmucha grisea L., (Hem.-Het.:
Acanthosomatidae). Zool. Anz. 205:27-
38

Miller, N. C. E. 1971. The Biology of
the Heteroptera. Hampton, UK: Clas-
sey. 206 pp.

Mitchell, P. L. 1980. Combat and ter-
ritorial  defense of Acanthocephala

femorata (Hemiptera: Coreidae). Ann.

Entomol. Soc. Am. 73:404-8

Moriya, 5., Masakazu, S. 1984. Attrac-
tion of the male brown-winged green
bug, Plautia stali Scott (Heteroptera:
Pentatomidae) for males and females of
the same species. Appl. Entomol. Zool.
19:317-22

Natuhara, Y. 1983. The influences of
food and photoperiod on flight activity
and reproduction of the bean bug, Rip-
tortus clavatus Thunberg (Heteroptera:
Coreidae). Appl. Entomol. Zool. 18:
392-400

. Qetting, R. D., Yonke, T. R. 1978.

Morphology of the scent-gland appara-
tus of three Alydidue (Hemiptera). J.
Kans. Entomol. Soc. 51:294--306

3. Olagbemiro, T. O. 1984, Volatile con-

stituents of the scent gland reservoir of
Aspavia acuminata. Experientia 40:
807-8

Olagbemiro, T. 0., Khan, M. N.,
Mohammed, A. 1984. y-Butyrolactone
from the black stink bug: Aethus indicus




236

115.

116.

117.

118.

119,

122.

124.

125.

126.

ALDRICH

Westwood (Hemiptera: Pentatomidae).
Z. Naturforsch. Teil C 39:313-14
Olagbemiro, T. 0., Staddon, B. W.
1983. Isoprenoids from metathoracic
scent gland of cotton seed bug, Ox-
yearenus hyalinipennis (Costa) (Heter-
optera: Lygaeidae). J. Chem. Ecol.
9:1397-412

Oliver, J. E., Neal, . W, Jr., Lusby,
W. R., Aldrich, J. R., Kochansky, J. P.
1985. Novel components from secretory
hairs of azalea lace bug Stephanitis
pyricides (Hemiptera: Tingidae). J.
Chem. Ecol, 11:1223-28

Oliver, J. E., Neal, J. W. Ir., Lushy,
W. R. 1987. Phenolic acetogenins se-
creted by rhododendron lace bug,
Stephanitis rhododendri Horvath
(Hemiptera: Tingidae). J. Chem. Ecol.
13:763-69

Ondarza, R. N., Gutierrez-Martinez,
A., Malo, E. A. 1986. Evidence for the
presence of sex and aggregation pher-
omones from Triatoma mazzottii
(Hemiptera: Reduviidae). J. Econ. En-
tomol. 79:688-92

Pasteels, J. M., Gregoire, J.-C. 1983.
The chemical ecology of defense in
arthropods. Ann. Rev. Entomol. 28:263—
89

. Pasteur, G. 1982. A classificatory re-

view of mimicry systems. Ann. Rev.
Ecol. Syst. 13:169-99

. Pavis, C., Malosse, C. 1986. Mise en

évidence d’un attractif sexuel produit par
les méles de Nezara viridula (L.) (Heter-
optera: Pentatomidae). C. R. Acad. Sci.
Ser. I 303:273-76

Payne, I. A., Mead, F. W., King, E. W.
1968. Hemiptera associated with pig
carrion. Ann. Entomol. Soc. Am. 61:
565-67

. Peet, W. B. Jr. 1979. Description and

biology of Nidicola jaegeri, n. sp., from
southern California (Hemiptera: An-
thocoridae). Ann. Entomol. Soc. Am.
72:430-37

Pendergrast, J. G. 1953. Setose areas on
the abdomen in females of some Acan-
thosominae (Heteroptera, Pentatomi-
dae). Entomologist London 86:135-
38

Ralph, C. P. 1976. Natural food require-
ments of the large milkweed bug,
Oncopeltus  fasciatus  (Hemiptera:
Lygaeidae), and their relation to
gregariousness and host plant morpholo-
gy. Oecologia 26:157-75

Ralph, C. P. 1977. Search behavior of
the large milkweed bug, Oncopeltus fas-
ciatus (Hemiptera: Lygaeidae). Ann. En-
tomol. Soc. Am. T0:337-42

127. Remold, H. 1962. Scent-glands of land-
bugs, their physiology and biological
function. Narure 198:764-68

128. Rossiter, M., Staddon, B. W. 1983, 3-
Methyl-2-hexanonpe from the triatomine
bug Dipetalogaster maximus (Uhler)
(Heteroptera; Reduviidae). Experientia
39:380-81

129. Roth, L. M. 1961. A study of the
odoriferous glands of Scaprocoris di-
vergens (Hemiptera: Cydnidae). Ann.
Entomol. Soc. Am. 54:900-11

12%a. Rudmann, A. A., Aldrich, J. R, 1988.
Chirality determinations for a tertiary
alcohol: Ratios of linalool enantiomers
in insects and plants. J. Chromatogr.
407:324-29

130. Schaefer, C. W. 1972, Degree of
metathoracic scent-gland development
in the trichophorous Heteroptera
(Hemiptera). Ann. Entomol. Soc. Am.
65:810-21

131. Schaefer, C. W. 1980. The host plants
of the Alydinae, with a note on
heterotypic feeding aggregations
(Hemiptera: Coreoidea: Alydidae). J.
Kans. Entomol. Soc. 53:115-22

132. Schaefer, C. W., Mitchell, P. L. 1983.
Food plants of the Coreoidea (Hemip-
tera: Heteroptera). Ann. Entomol. Soc.
Am. 76:591-615

133. Schlee, M. A. 1986. Avian predation on
Heteroptera: Experiments on the Eu-
ropean blackbird Turdus m. merula 1..
Ethology 73:1--18

134. Schmidt, J. O. 1982. Biochemistry of
insect venoms. Ann. Rev. Entomol. 27:
339-68

135. Schuh, R. T. 1986. The influence of
cladistics on heteropteran classification.
Ann. Rev. Entomol. 31:67-93

136. Scudder, G. G. E., Duffey, S. 8. 1972.
Cardiac glycosides in the Lygaeinae
(Hemiptera: Lygaeidae). Can. J. Zool.
50:35-42

137. Scudder, G. G. E., Moore, L. V., Is-
man, M. B. 1986. Sequestration of car-
denolides in Oncopeltus fasciatus: Mor-
phological and physiological adapta-
tions. J. Chem. Ecol. 12:1171-87

138. Siddiqi, I. I., Khan, M. A. 1982. Loca-
tion of sex pheromone of Dysdercus
cingulatus Fabr. (Hemiptera: Pyrrhocor-
idae). J. Entomol. Res. 6:182-86

139. Sillen-Tullberg, B. [981. Prolonged
copulation: A male “postcopulatory”
strategy in a promiscuous species,

Lygaeus equestris (Heteroptera:
Lygaeidae). Behav. Ecol. Sociobiol.
9:283-89

140. Sillen-Tullberg, B. 1985. Higher sur-
vival of an aposematic than of a cryptic

141.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

154.

. Staddon, B. W., Dan

form of a distastefulg
67:411-15 2
Sillen-Tullberg, B., W§
T. 1982. Aposem
adults and larvae of
and its bearing on m
An experimental studs
living bugs by the grea
Oikos 39:131-36

. Sivinski, J., Stowes:

kleptoparasitic cecidg
flies associated wi
87:337-48
Slansky, F. Jr., Pani
Nutritional ecology
sects. In Nutritional 5
Mites,  Spiders,
vertebrates, ed. S. §
Rodriguez, pp. 283
Wiley

Slater, J. A. 1964, A
Lygaeidae of the Wa
Baltimore: Waverly
Slater, J. A., Barano
How to Know the T
tera-Heteroptera).
Brown. 256 pp.
Smith, E. S. C. 1977
attractant pheromone
vifer (Walker) (Hetero
Aust. Entomol. Soc.
Smith, R. M. 19
secretion  of  Colec

Southwood, T. R. E;
activity of Heteropte!

Southwood, T. R. E.;
Land and Water By
Isles. London: Warne;
Staddon, B. W. 1979
of Heteroptera. Adv
14:351-418

Staddon, B. W. 1986
glands in the Hemi
Ann. Soc. Entomol.
Staddon, B. W., Dar
Allometry of C¢ and
alka-2,4-dienals in
scent gland of Oncy
Comp. Biochem. Phy}

Allometry of scent o
Heteroptera. Comp. &
B 71:149-54 ;
Staddon, B. W., Eves
D. E. 1979. Organ s
constitution in Corix
Hydrocorisae). Comp;
ol. B 62:259-62




scent-glands of land-
logy and biological
18:764-68

ion, B. W. 1983, 3-
from the triatomine
v maximus (Uhler)
viidae). Experientia

I. A study of the
of Scaptocoris di-
3t Cydnidae). Ann.
54:900-11

Aldrich, J. R. 1988.
tions for a tertiary
linalool enantiomers
its. J. Chromatogr.

1972. Degree of
gland development
orous  Heteroptera
Entomol. Soc. Am.

'80. The host plants
with a note on
ing aggregations
dea: Alydidae). J.
o 53:115-22
-itchell, P. L. 1983,
Coreoidea (Hemip-
Ann. Entomol. Soc.

Avian predation on
ments on the Eu-
adus m. merula L.

2. Biochemistry of
. Rev. Emtomol. 27:

. The influence of

sieran classification.
31:67-93

Duffey, 8. §. 1972.
in the Lygaeinae
iae). Can. J. Zool.

Moore, L. V., Is-
‘cquestration of car-
ftus fasciatus: Mor-
vsiological adapta-
L12:1171-87
M. A. 1982. Loca-
wne of Dysdercus
miptera: Pyrrhocor-
’es. 6:182-86
1981. Prolonged
> “postcopulatory”
miiscuous  species,
‘s (Heteroptera:
Feol. Sociobiol.

1985. Higher sur-
ic than of a cryptic

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

HETEROQPTERAN CHEMICAL ECOLOGY 237

form of a distasteful bug. Oecologia
67:411-15

Sillen-Tullberg, B., Wiklund, C., Jarvi,
T. 1982. Aposematic coloration in
adults and larvae of Lygaeus equestris
and its bearing on mullerian mimicry:
An experimental study on predation on
living bugs by the great tit Parus major.
QOikos 39:131-36

Sivinski, J., Stowe, M. 1980. A
kleptoparasitic cecidomyiid and other
flies associated with spiders. Psyche
87:337-48

Slansky, F. Jr., Panizzi, A. R. 1987.
Nutritional ecology of seed-sucking in-
sects. In Nutritional Ecology of Insects,
Mites, Spiders, and Related In-
vertebrates, ed. S. Slansky Jr., J. G.
Rodriguez, pp. 283-320. New York:
Wiley

Slater, J. A. 1964. A Catalogue of the
Lygaeidae of the World, Vols. 1, 1L
Baltimore: Waverly. 1668 pp.

Slater, J. A., Baranowski, R. M. 1978,
How to Know the True Bugs (Hemip-
tera-Heteroptera). Dubuque, lowa:
Brown. 256 pp.

Smith, E. §. C. 1977, Presence of a sex
attractant pheromone in Helopeltis cla-
vifer (Walker) (Heteroptera: Miridae). J.
Aust. Entomol. Soc. 16:113-16

Smith, R. M. 1978. The defensive
secretion of Coleostichus  sordidus
(Heteroptera: Scutelleridae) from Fiji.
NZ J. Sci. 21:121-22

Southwood, T. R. E. 1960. The flight
activity of Heteroptera. Trans. R. En-
tomol. Soc. London 112:173-220
Southwood, T. R. E., Leston, D. 1959.
Land and Water Bugs of the British
Isles. London: Warne. 436 pp.
Staddon, B. W. 1979. The scent glands
of Heteroptera. Adv. Insect Physiol.
14:351-4138

Staddon, B. W. 1986. Biology of scent
glands in the Hemiptera-Heteroptera.
Ann. Soc. Entomol. Fr. 22:183-90
Staddon, B. W., Darcogheh, H. 1981.
Allometry of Cg and Cy alk-2-enals and
alka-2,4-dienals in the metathoracic
scent gland of Oncopeltus fasciatus.
Comp. Biochem. Physiol. B 68:593-98
Staddon, B. W., Daroogheh, H. 1982,
Allometry of scent oil accumulation in
Heteroptera. Comp. Biochem. Physiol.
B 71:149-54

Staddon, B. W., Everton, 1. J., Games,
D. E. 1979. Organ specificity and scent
constitution in Corixidae (Heteroptera:
Hydrocorisae). Comp. Biochem. Physi-
ol. B 62:259-62

155

157.

158.

159.

160.

161,

162.

164.

165.

166.

167.

. Staddon, B. W., Gough, A. I. E., Olag-
bemiro, T. 0., Games, D. E. 1985, Sex
dimorphism for ester production in the
metathoracic scent gland of the lygaeid
bug Spilostethus rivularis (Germar)
(Heteroptera). Comp. Biochem. Physiol.
B 80:235-9

. Staddon, B. W., Olagbemiro, T. O.

1984. Composition and novel pattern of

emission of defensive scent oils in the

larva of the cotton seed bug Oxycarenus
hyalinipennis  (Costa)  (Heteroptera:

Lygaeidae). Experientia 40:114-16

Staddon, B. W., Thorne, M. J. 1979.

The metathoracic scent gland system in

Hydrocorisae (Heteroptera: Nepomor-

pha). Syst. Entomol. 4:239-50

Strong, F. E., Sheldahl, J. A., Hughes,

P. R., Hussein, E. M. K. 1970. Repro-

ductive biology of Lygus hesperus

Knight. Hilgardia 40:105-47

Stys, P. 1981. Unusual sex ratios in

swarming and light-attracted  Eni-

cocephalidae (Heteroptera). Acia En-

tomol. Bohemoslov. 78:430-32

Swadener, S. O., Yonke, T. R. 1973.

Immature stages and biology of

Apiomerus crassipes (Hemiptera: Re-

duviidae). Ann. Entomol. Soc. Am.

06:188-96

Sweet, M. H. 1963. The biology and

ecology of the Rhyparochrominae of

New England (Heteroptera: Lygaeidae).

Parts 1, H. Enmtomol. Am. 43:1-124,

44:1-201 .

Tallamy, D. W., Denno, R. F. 1981.

Maternal care in Gargaphia solani

(Hemiptera: Tingidae). Anim. Behav.

29:771-78

3. Thornhill, R., Alcock, J. 1983, The

Evolution of Insect Mating Systems.
Cambridge, Mass: Harvard Univ. Press.
547 pp. 3

Thouvenin, M. 1965. Etude préliminaire
des “uradénies” chez certains Hétérop-
teres Pentatomorphes. Ann. Soc. En-
tomol. Fr. 1:973-88

Ubik, K., Vriko¢, J., Zdarek, J., Kon-
tev, C. 1975. Vanillin: Possible sex
pheromone of an insect. Naturwissen-
schaften 62:348

Von Euw, I., Reichstein, T., Roth-
schild, M. 1971. Heart poisons (cardiac
glycosides) in the lygaeid bugs Caeno-
coris nerii and Spilostethus pandurus.
Insect Biochem. 1:373-84

Vrkot, J., Ubik, K., Zddrek, J., Kon-
tev, C. 1977. Ethyl acrylate and vanillin
as components of the male sex pher-
omone complex in Eurygaster in-
tegriceps (Heteroptera, Scutelleridae).




238

168.

169.

170.

ALDRICH

Acta Entomol. Bohemoslov. 74:205—
6

Waterhouse, D. F., Gilby, A. R. 1964.
The adult scent glands and scent of nine
bugs of the superfamily Coreoidea. J.
Insect Physiol. 10:977-87

Weaver, E. C., Clarke, E. T., Weaver,
N. 1975. Attractiveness of an assassin
bug to stingless bees. J. Kans. Entomol.
Soc. 48:17-18

Wheeler, A. G. Jr. 1980. The mirid rec-
tal organ: Purging the literature. Fla.
Entomol. 63:481-85

171,

i72.

173.

Wheeler, A. G. Jr., Schaefer, C. W.
1982. Review of stilt bug (Hemiptera:
Berytidae) host plants. Ann. Entomol.
Soc. Am. 75:498-506

Yamashita, T., Kanchisa, K. 1979.
Studies on the odour components of
stink and squash bugs. Nogaku Kenkyu
58:13-18

Zdarek, J., Kontev, C. 1975. Some
ethological aspects of reproduction in
Furygaster integriceps (Heteroptera,
Scutelleridae). Acta Entomol. Bohemos-
lov. 72:239-48

Ann. Rev. Entomol. 1988, 333
Copyright © 1987 by Annual

J. C. van|Lentere

e

Laboratory of Entomolg

J\Woets

Research Station for Fi

INTRODUCTION

The total world area
150,000 ha; Table 1
cropping system have
reasons. Few special
possible to employ nj
bies and ornamentals;
is not tolerated. Suc
damage from insects
may cause fewer neg
control is more effe
example, pest contrg
production (52); thus
although chemical c
application of biologi
in greenhouses is al
introducing natural e
resulted in extensive |
cal control works; an
ment and extension
use of information o






